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FENTANYL COMPOSITION FOR NASAL ADMINISTRATION

FIELD OF INVENTION

5 The present invention relates to a pharmaceutical composition for use in the treatment of

acute pain such as breakthrough pain by means of a non-invasive administration of

fentanyl or a pharmaceutical^ acceptable salt thereof, said composition being such that at

least 70 jig of fentanyl is delivered in a dosage unit. The method comprises administration

of a treatment dosage sufficient to treat the acute pain with time to onset of action

1 0 comparable to intravenous administration. The treatment typically comprises intranasal

administration of a relatively concentrated composition of fentanyl citrate. In addition, the

invention relates to a pharmaceutical kit comprising a treatment dosage of fentanyl for

nasal administration for treatment of acute pain together with a delivery system of an

analgesic for a continuous treatment of chronic pain.

15

BACKGROUND OF THE INVENTION

Fentanyl is a potent narcotic analgesic with pharmacological effects similar to morphine.

Fentanyl is 50 to 100 times more potent than morphine on a weight basis. Fentanyl is a

20 mu-receptor agonist acting on receptors distributed in the brain, spinal cord and other

tissues. Opioids produce both analgesia and sedation. Opiate agonists appear to prevent

the release of beta-endorphin, possibly by altering the patients perceived level of pain and

anxiety, although the presence of pain may still be recognised (1).

25 Parenteral fentanyl is indicated for anaesthesia, treating postoperative pain, and as a

premedicant. Transdermal fentanyl is used for managing chronic pain in patients requiring

opioids. Fentanyl lozenge/sucker (Oralet®) is indicated to induce anxiolysis and analgesia

prior to surgery in pediatric and adult patients. Oral transmucosal fentanyl (Actiq®) is

indicated for the management of breakthrough cancer pain in adults with malignancies

30 who are already receiving and who are tolerant to opioid therapy for their underlying

persistent cancer pain. Fentanyl Oralet® is only indicated for use in a hospital setting as

an anaesthetic pre-medication in the operating room setting or to induce conscious

sedation prior to a diagnostic or therapeutic procedure in other monitored anaesthesia

care settings in the hospital.

35
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In normal doses, the most common side-effects of morphine and other opioid analgesics

are nausea, vomiting, constipation, drowsiness, and confusion. Tolerance generally

develops with long-term use. Micturition may be difficult and there may be ureteric or

biliary spasm; there is also an antidiuretic effect. Dry mouth, sweating, facial flushing,

5 vertigo, bradycardia, palpitations, orthostatic hypotension, hypothermia, restlessness,

changes of mood, hallucinations, and miosis also occur. These effects tend to occur more

commonly in ambulant patients than in those at rest in bed and in those without severe

pain. Raised intracranial pressure occurs in some patients. Muscle rigidity has been

reported following high doses. The euphoric activity of morphine and similar compounds

1 0 has led to their abuse.

Unlike morphine, fentanyl is reported not to cause significant histamine release. Transient

hypotension may follow intravenous administration. Muscle rigidity in high doses may

occur and may require administration of muscle relaxants; caution is advised in patients

15 with myasthenia gravis.

It has been shown (4-7) that fentanyl administered intranasally in doses of 0.027 mg every

5 minutes, as necessary, is effective in the relief of postoperative pain and cancer pain. In

this trial the drug was delivered in small dilute doses of small amounts of agent at a

20 predetermined interval of 5 minutes.

Intranasal delivery of low concentrations and low doses of fentanyl has been performed.

Concentrations and doses have been maintained low due to the risk of respiratory

depression associated with high doses. Demand-adapted titration was considered to be

25 the only method of avoiding the risk of side effects (4-7). Thus, repeated delivery of a

composition of ca. 50 ng/ml_ of fentanyl was administered.

Animal data (rabbits) showed rapid occurring absorption by use of the nasal route. The

nasal route would therefore be suitable for use in patients requiring rapid relief of severe

30 pain. General advantages of nasal application aiming at systemic effect are ease of self-

administration, supporting a health-economic argument and the self-care concept. In

addition, first pass liver metabolism and gastro-intestinal metabolism is avoided.

35

Intravenously, doses of 50 to 150 jag/kg are indicated for anaesthesia in cardiac surgery

whereas doses of 50 to 100 \ig IM are effective as a pre-medication and adjunct to
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regional anaesthesia. Continuous intravenousinfusion of fentanyl 1 .5 |ig/kg/hour for 24

hours has been effective in providing postoperative analgesia without significant

respiratory depression in patients who underwent hysterectomy.

5 Transdermal doses range from 25 to 100 ng/hr. Initial doses not exceeding 25 y,g/hr are

recommended (1).

Oral transmucosal fentanyl citrate is marketed as fentanyl Oralet® and Actiq®. fentanyl

lozenge/sucker (fentanyl Oralet®) in doses of 5 to 15 \xgfkg (maximum 400 jxg) is

1 0 indicated to induce anxiolysis and analgesia prior to surgery for pediatric patients. Adult

dosing of fentanyl Oralet® is 5 fxg/kg, with a maximum dose of 400 jag. Doses of Actiq®

for opioid tolerant patients with breakthrough cancer pain range from 200 to 1600 ^g. The

initial adult dose of Actiq® is 200 \xg. From this initial dose, patients should be closely

followed and the dosage not changed until the patient reaches a dose that provides

1 5 adequate analgesia using a single Actiq® dosage unit per break-through cancer pain

episode.

The administration of 3 mL of fentanyl citrate 500 \ig/mL (318 jj.g/mL fentanyl base) via

nebulization was effective in providing postoperative analgesia in 1 0 patients who

20 underwent a variety of surgical procedures. However, duration of analgesia varied

considerably from 5 to 90 minutes. This route of administration is inefficient and labour

intensive and therefore is generally not recommended (1).

Fentanyl produces analgesia almost immediately following intravenous administration

25 whereas in lozenge/sucker delivery and oral transmucosal administration, onset is seen

within 15 minutes.

Fentanyl is metabolised in the liver and excreted in the urine primarily as metabolites (less

than 7% unchanged drug). The half-life of fentanyl is 2 to 4 hours. Fentanyl has a

30 distribution half-life of 10 minutes in adults and children (1).

SUMMARY OF THE INVENTION

The invention relates to a novel composition capable of delivering an effective dose of an

35 equivalent of fentanyl through transmucosal delivery. Intravenous administration of
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fentanyl has numerous pragmatic disadvantages compared to transmucosal

administration as well as resulting in peak plasma concentrations which are related to

dangerous side effects such as depression of the respiratory system. However,

intravenous administration has one major advantage over current transmucosal, oral, and

5 pulmonary administration of fentanyl in that the time-to-onset-of-action of the intravenous

administration is much faster. Current transmucosal compositions require administration

of several dosage units by the pain sufferer in a "titration" method wherein the sufferer self

administrates as many dosage units as required to obtain the alleviation of pain, often

requiring 4-6 administrations. The consequence of this "titration" administration is a

1 0 relatively long time-to-onset-of-action during which the sufferer continues to experience

pain, often acute pain. The present investigators have developed a composition which

administers by transmucosal delivery an effective dosage of an equivalent of fentanyl to

alleviate the pain with a time-to-onset-of-action comparable to that of intravenous

administration, notably after a single administration of said composition.

15

A first aspect of the present invention therefore relates to a pharmaceutical composition

comprising fentanyl, or salts thereof, in a suitable solvent at a concentration equivalent to

about 0.4 to 75 mg/mL of fentanyl.

20 As stated supra, the present composition is delivered as dosage unit having a

concentration sufficient so as to achieve a rapid onset of action and avoiding the "titration

delivery" of the agent. Thus, the dosage unit is also an important aspect of the present

invention as it, in one or two delivery operations, must provide sufficient amounts of the

agent. Thus, a second aspect of the invention relates to a dosage unit comprising

25 fentanyl, or salts thereof, in a suitable solvent, having a concentration equivalent to about

0.4 to 75 mg/mL of fentanyl.

The use of a composition comprising fentanyl, or salts thereof, for the preparation of a

medicament for the treatment of pain in a mammal wherein said medicament comprises a

30 concentration equivalent to about 0.4 to 75 mg/mL of fentanyl, wherein the medicament is

formulated for transmucosal administration is a further aspect of the invention.

Alternatively stated, given the amount of the agent is an important feature of the

medicament, the use of a composition comprising fentanyl, or salts thereof, for the

35 preparation of a medicament for the treatment of pain in a mammal wherein
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administration of said medicament comprises delivery of one or more dosage units each

equivalent to about at least 70 ug of fentanyl, wherein said dosage unit is formulated for

transmucosal administration is a still further important aspect of the invention. As is clear

from the above, the medicament is formulated to deliver dosage units with sufficient

5 amounts of the agent. Thus, the use of a composition comprising fentanyl, or salts

thereof, for the preparation of a medicament for the treatment of pain in a mammal,

wherein said medicament is formulated for transmucosal administration of a dosage unit,

wherein said dosage unit comprises an amount equivalent to about at least 70 |j.g of

fentanyl is an important aspect of the present invention.

10

The composition is directed to pain management. An important aspect of the invention

relates to a method for treating, alleviating or lessening pain in an individual comprising

the administration of a pharmaceutical composition comprising fentanyl, or salts thereof,

in a dosage unit equivalent to at least 70 \xg of fentanyl. Alternatively defined, this aspect

1 5 of the invention relates to a method for treating, alleviating or lessening pain in an

individual comprising the administration of a pharmaceutical composition comprising

fentanyl, or salts thereof, wherein said composition has a concentration equivalent to

about 0.4 to 75 mg/mL of fentanyl.

20 A still further aspect of the invention relates to a method for the administration of fentanyl

or a pharmaceutically acceptable salt thereof to the circulatory system of an individual in

need of acute pain relief comprising administration of a treatment dosage comprising 70

\ig to 2000 jug fentanyl in a pharmaceutical vehicle for transmucosal delivery of fentanyl to

a mucosal membrane of the individual.

25

Pain management using the composition, dosage units or methods of the invention may

be paired with other technologies to form part of multi-component strategy to pain

management. This strategy may, for example, utilise known technologies for the

management of chronic pain and the present invention for management of pain during

30 acute episodes of pain. Thus, a further aspect of the invention relates to a kit comprising

i) composition formulated for the delivery of a dosage unit comprising 70 ]ig to 2000 ug of

fentanyl, or pharmaceutically acceptable salts thereof for a continuous treatment of pain in

a vehicle for transmucosal delivery for the treatment of acute pain; and

ii) an analgesic for continuous treatment of pain.

35
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DETAILED DESCRIPTION OF THE INVENTION

The term "fentanyl" is intended to relate to fentanyl or a pharmaceutical^ acceptable salt

thereof. The term "equivalent to about .... of fentanyl" is intended to relate to a specified

5 volume, concentration, or amount of fentanyl free base provided by a volume,

concentration, or amount of a salt of fentanyl. Thus the specified amount relates to the

amount of fentanyl free base and not the amount of the fentanyl salt, despite the use of

the salt in the composition. In a most preferred embodiment, the composition, methods

and uses of the present invention comprise the use of fentanyl citrate.

10

The term "formulated" is intended to relate to the selection of excipients, carriers,

vehicles, preservatives, stabilising agents and so forth in the preparation of medicament

using said composition. The term "formulated" is furthermore intended to relate to the

selection of the device for delivery of the composition or selection of containment device

1 5 for administration or storing of the composition.

The term "dosage unit" relates to the composition administered in one administration by

one delivery operation. In the embodiment wherein the composition is formulated for

transmucosal administration by nasal delivery, a dosage unit is the volume of the

20 composition administered or amount of agent administered by one delivery operation. A

delivery operation is an operation which delivers a dosage unit. In this embodiment, a

delivery operation is the administration to the nasal cavity of a dosage unit by means of a

delivery system, such as a nasal spray or other means known to the person skilled in the

art. Suitable devices are commercially available from e.g. Pfeiffer and Valois.

25 The terms "dosage" and "treatment dosage" relates to the total amount of agent or

volume of composition applied by means of administration of dosage units during a

treatment. A treatment relates to the administration of the composition during a single

episode of pain, said episode lasting until alleviation of pain.

30 The term " time-to-onset-of-action " is intended to mean the moment wherein the patient

begins to experience pain relief, usually as a result of sufficient plasma concentrations of

fentanyl. Sufficient plasma concentrations to achieve analgesia varies amongst patients,

amongst patient classes and types and nature of pain experienced. The "action" in "time-

to-onset-of-action" is pain relief.

35
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The term "duration-of-action" relates to the time throughout which pain relief is

experienced by the patient.

The pharmaceutical composition of the invention comprises fentanyl, or salts thereof, in a

5 suitable solvent at a concentration equivalent to about 0.4 to 75 mg/mL of fentanyl. The

composition is suitably formulated for transmucosal administration, typically to deliver

fentanyl through the nasal mucosa.

The composition of the invention typically has a concentration equivalent to about 0.5 to

10 20 mg/mL of fentanyl, preferably 0.6 to 15 mg/mL, 0.7 to 12 mg/mL, more preferably 0.75

to 10 mg/mL of fentanyl, most preferably 0.75 to 8 mg/mL. Suitable compositions have a

concentration equivalent to about at least 0.5 mg/mL of fentanyl, such as 0.7 mg/mL, such

as 0.75 mg/mL, such as about 1 mg/mL, about 1.5, about 2, about 2.5, about 3, about 3.5,

about 4, about 4.5, about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, and about 8

15 mg/mL.

As stated, the composition is delivered as a dosage unit wherein administration comprises

delivery of one or more dosage units of about 10 to 500 pL, such as 10 to 200 jaL,

preferably about 50 to 150 uL. In the embodiment wherein delivery is via the nasal

20 mucosa, a delivery unit corresponds to the volume provided by a squirt or spray,

depending on the device utilised for delivery of the composition and dosage unit.

In the event wherein the nasal application exceeds about 200^.1, there may be a risk of

loss of the formulation to the larynx or loss through the nostrils. Accordingly, the

25 formulation for nasal administration should preferably not exceed 200|i. Accordingly, a

preferred volume according to the invention includes a volume selected from IOp.1, 25^1,

50p.l, 75jo.l, 100jjJ, 150(x!, 200|al, 250nl, 300p.l, and Z50\x\, and 400u.l where the volume may

be delivered to both nostrils if preferred.

30 In a preferable embodiment, said composition is formulated for nasal delivery of a dosage

unit comprising an equivalent to at least about 70 jag of fentanyl, such as 80, 90, or 100

lig, such as 125, 150, 200, 250, or 300 |j.g, such as 350, 400, 450, 500 (j.g, such as 550,

600, 650, 700, 750, 800, 850, 900, or 950 jag, such as 1000, 1050, 1 100, 1250, or 1300

lig, such as 1350, 1400, 1450, 1500 pg, such as 1550, 1600, 1650, 1700, 1750, 1800,

35 1850, 1900, or 1950 |xg, such as a dosage unit equivalent to 2000 \ig of fentanyl.
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Alternatively defined, the composition is formulated for transmucosal delivery of a dosage

unit equivalent to about 70 to 2000 fig of fentanyl, such as 70 to 1800 jxg, preferably 70 to

1500 ju.g, such as 70 to 1200 jag, particularly preferably 70 to 1000 |ig, more preferably 70

5 to 500 |xg, most preferably equivalent to 75 to 300 |ig of fentanyl.

The present invention further relates to a method for the administration of fentanyl or a

pharmaceutically acceptable salt thereof to the circulatory system of an individual in need

of acute pain relief. The treatment dosage is such that to be sufficient to treat the acute

10 pain within a narrow time-to-onset-of-action. In order to result in a plasma concentration

sufficient to treat acute pain, a treatment dosage will normally be within a range of at least

70 jixg and up to 2000 |a.g fentanyl. In order to have the fentanyl administered to the

circulatory system within an acceptable period and without delivering the fentanyl by

injection, the fentanyl is administered to a mucosal membrane of the patient in a

1 5 pharmaceutical vehicle for transmucosal delivery of the fentanyl.

The sufficient pain relieving dosage may vary between the patients as well as in the

individual patient. For treatment of relative moderate acute pain, the treatment dosage

may comprise at least 70 jig fentanyl, preferably at least 100 (ig fentanyl, more preferred

20 at least 150 |j.g fentanyl, such as 200 |ug fentanyl. For treatment of more severe acute

pain, the treatment dosage comprises at least 250 \xg fentanyl, preferably at least 300 \ig

fentanyl, more preferred at least 400 ng fentanyl, such as 500 jj.g fentanyl. In cases where

the patient suffers from heavy acute pain or the patient has developed tolerance to

fentanyl higher dosages may be required and administered according to the present

25 invention. Such high dosages include treatment dosage comprising 600 ng fentanyl,

preferably at least 800 j^g fentanyl, more preferred at least 1 000 jag fentanyl, such as at

least 1200 pg fentanyl. Even higher dosages may be desired such as treatment dosages

of 1300 ng fentanyl, preferably at least 1400 tig fentanyl, more preferred at least 1500 ng

fentanyl, such as 1600 jag fentanyl. The high dosage treatment may involve patients

30 which are receive regular treatment with opioid analgesics, and it is believed that a few

numbers of patients may need treatment dosage comprising from 1800 to 2000 \ig

fentanyl.

As stated, the compositions of the invention for transmucosal delivery are of a more

35 potent concentration than compositions known to the person skilled in the art. Thus,
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treatment dosages effective for alleviating pain are typically achieved by administration

comprising delivery of not more than two dosage units. In a preferred embodiment, the

composition is formulated such that not more than two dosage units comprise a treatment

dosage. The composition, although being more potent, significantly reduces the risk of

5 adverse effects such as depression of the respiratory system, as shown in the Examples.

The composition is intended for the treatment, alleviation or lessening of acute or

breakthrough pain, such as benign acute pain episodes like angina pectoris, colic/biliary

pain, trauma, postoperative pain, dental pain, orofacial pain, sympathetic pain syndrome,

10 pancreatic pain, myocardial infarction pain, back pain, cancer pain, pain during or after

change of dressing and pre-operative anesthesia.

It is an important aspect of the invention that the pain relief is always obtained very shortly

upon administration of fentanyl. Accordingly, the relief of the acute pain should be

1 5 obtained very shortly after administration of the first delivery of the dosage unit or

treatment dosage such that the administration of composition has a time-to-onset-of-

action of less than 10 minutes, such as less than 9 minutes, preferably less than 8

minutes.

20 A very important advantage of the present invention is, in addition to the very short a time-

to-onset-of-action, that the pain relief is maintained for at least 30 minutes. Thus,

administration of the composition has a duration-of-action maintained throughout a period

of at least 30 minutes. Although, in some instances, it is preferable for the duration-of-

action to be maintained throughout a period of at least 1 hour or at least 1 .5 hours upon

25 administration of the treatment dosage, given acute pain typically only lasts for brief

periods, it is often preferable for the duration of action to be maintained for at least 30

minutes but throughout a period of not greater than 90 minutes, preferably maintained

throughout a period of at least 30 minutes and throughout a period of not greater than 60

minutes.

30

This is a further advantage of the present invention. The composition is able to have a

rapid onset-of-action whilst providing a sufficiently long duration-of-action but without an

unnecessarily protracted period of effect.
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The composition has a pseudo "sustained release" effect in comparison to intravenous

administration which has a very rapid onset of action but with a very short duration of

action. The intravenous administration results in a higher peak plasma concentration of

fentanyl. The intravenously administered fentanyl results in a peak plasma concentration

5 directly proportional to the amount of fentanyl administered, i.e a high Cmax . Conversely,

the "titration" administration of a composition intranasal^ as described by Striebel

(references 4-7) has a slower onset of action and unnecessarily long duration of action.

The composition, upon administration, typically has a bioavailability of no less than 75%

10 that of intravenous administration, preferably no less than 80% of intravenous

administration, more preferably no less than 90% of intravenous administration.

Bioavailability may be determined by its AUC, as is known to the person skilled in the art.

The method of the invention comprises the administration of dosage units comprising from

15 about 70 to 2000|j.g of fentanyl, said administration preferably resulting in a Cmax, naS ai /

Cmax, iv ratio which decreases with increasing dosage units delivered of equal amounts of

fentanyl, within the treatment dosage range of from about 70 to 2000 yg.

In a further aspect, the composition, dosage unit, use and method of the invention is

20 characterised by the effect of the treatment on the acute pain as measured as described

herein. One way to record pain according to the invention comprises the measurement of

onset of pain relief. Just before administration of the treatment the time is measured e.g.

by starting a stopwatch. When the subject is certain of feeling a meaningful pain relief the

time is recorded e.g. by stopping the stopwatch. The composition of the invention, upon

25 administration, has a pain reduction score in the range of 2 to 7, such as 2, 3, 4, 5, 6, and

7, preferably such as 3, 4, 5, and 6, as measured by PID upon delivery of no more than

two dosage units, preferably after delivery of one dosage unit.

At least 50% of subjects obtaining onset within 15 minutes after administration of

30 treatment will be considered a success. Likewise the duration of effect may be measured

as the difference between onset of effect and the time point where the subject declares

the effect to cease or the time when the subject takes rescue medication, whatever comes

first. Duration of pain relief of at least half an hour experienced by at least 50% of the

subjects will be considered a success.

35
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Another measurement is the Pain Intensity (PI) scored on an 11 -point numeric rating

scale (0=no pain, 10=unendurable pain). Plj is the pain intensity at the time point Tj. The

Plj is measured at one or more of the following time points (Tj) before treatment

(baseline), at the time of meaningful pain relief, every 15 minutes after administration of

5 treatment for the two first hours, and every 30 minutes for the next two hours. A 40%

decrease of mean PI within 15 minutes after treatment will be considered a success.

Naturally other time points may and intervals may be selected.

Pl0 is the baseline pain intensity (scored on a scale as disclosed above) before

1 0 administration of treatment (at time T0). Pain Intensity Difference (PID) is the Pl 0

compared to the pain intensity at time points after the administration of treatment (Plj). A

mean PID of 2 obtained within 15 minutes after administration will be considered a

success.

1 5 A further measurement is the area under the PID curve or the Sum of Pain Intensity

Difference (SPID), PI being measured at the time points disclosed above. A mean 4-hour

SPID of 3 will be considered a success.

One method relates to a pain intensity scale as disclosed herein wherein pain relief is

20 measured as a pain intensity difference (PID) of at least 30%, such as at least 40%

based on a pain score measured close to the time of the administration Pl 0 and a pain

score measured at the time Plj after administration. The time after administration may be

selected from the time of one or more of the following times 3minutes, 5 minutes, 7

minutes, 10 minutes, 15 minutes, 20 minutes, and 30 minutes upon administration. These

25 times is used when the purpose of the measuring is to evaluate the immediate effect of

the administration. If a measurement of the duration of treatment is desired, the pain relief

is measured as a pain intensity difference (PID) based on a score measured immediately

before the administration Pl0 and at the time Plj after administration, the time after

administration being selected from the time 45 minutes, 60 minutes, 75 minutes, 90

30 minutes, and 120 minutes upon administration. One alternative is to measure an effect

from a given time after administration to a later time, and in this respect the desired time

range is selected individually.

The pain relief score may be measured in accordance with the method disclosed herein or

35 on a scale of 1-100% wherein 100% is a pain described by the patient as unbearable and
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0% is no pain at all. It is preferred that the score is at least 30% from the start to the

maximum analgesic effect is obtained.

A further measurement is as explained above the sum of pain intensity difference (SPID)

5 based on a score measured immediately before the administration Pl0 and at the time Plj

after administration, the time after administration being selected from the time any time as

desired and includes the times as disclosed herein. In a preferred embodiment, the sum

of pain intensity difference is measured from at least 2 values measured during a period

of at least 30 minutes, preferably at least during 45 minutes, preferable at least during 60

10 minutes such as during 90 minutes. Furthermore, the sum of pain intensity difference may

be measured from at least 5 values such as at least from 7 values, preferable from at

least 10 values such as from 11, 12 or 13 values.

The peak plasma concentrations achieved by intravenous administration of fentanyl are

1 5 associated with side effects such as depression of the respiratory system. As shown in

Figures 6a-6d, the peak plasma concentrations of the present invention are sufficient to

provide the desired effect (as well as being achieved rapidly and sustained sufficiently

long). Thus, the invention further relates to a composition wherein said administration of

the no more than two dosage units has a peak plasma concentration of no less than 5%

20 and no more than 75% of the peak plasma concentration obtained by intravenous

administration of said dosage unit(s), within the treatment dosage range of from about 70

to 2000 jLtg, preferably a peak plasma concentration of no less than 30% and no more

than 75% of the peak plasma concentration obtained by intravenous administration of said

dosage unit(s), within the treatment dosage range of from about 70 to 2000 |j.g.

25

In an interesting aspect of the invention, repeated administration of dosage units does not

result in increases in peak plasma levels. In intravenous administration, repeated

administration continue to elevate the plasma concentrations to undesired high levels.

Conversely and advantageously, again possibly due to pseudo sustained release

30 characteristics of the mode of administration, repeated transmucosal administration of a

dosage unit does not continue to elevate the plasma concentration. Thus, in an interesting

embodiment of the invention, the method is such that administration of the medicament

results in a Cmax , nasa i
/ Cmax , iv ratio which decreases with increasing dosage units when

comparing equal amounts of fentanyl delivered by both modes of administration (nasal vs.

35 intravenous), within the treatment dosage range of from about 70 to 2000 ng.
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The absorption of fentanyl from mucosal membranes is overall very fast resulting in good

availability of the drug. However, according to the present invention the nasal mucosal

membrane is preferred. In addition to the convenience of this administration route for the

5 patient, the olfactory area of the nose is in close proximity to the brain. Nevertheless, the

treatment dosage may also be administered to a mucosal membrane selected from one or

more of the buccal mucosal membranes, the mucosal membrane of the respiratory tract,

such as the tracheal mucosa and/or the pulmonary mucosal membrane. In a further

aspect of the invention the treatment dosage may be administered to more than one

1 0 location in the same treatment or the patient may choose the administration route on an

individual basis. Acute pain during night may be treated with buccal administration if the

nasal administration implies an irritation of the nose.

The composition preferably comprises fentanyl as its fentanyl citrate salts.

15

fentanyl citrate is easily soluble in water, accordingly a suitable vehicle for transmucosal

delivery includes a vehicle comprising water, such as a vehicle which comprises as much

as about 95%-100% water.

20 The composition typically comprises a solvent selected from the group comprising isotonic

saline, water, polyethylene glycol, or combinations thereof.

However, use of a vehicle comprising a suitable polymer, preferably a pharmaceutical

vehicle comprising n-ethylene glycol (PEG) may be preferred due to a better sprayability

25 of a liquid comprising a polymer. The PEG is preferably one with relative low molecular

weight including ethylene glycol represented by the formula H(OCH2CH2)pOH, wherein p

is an integer in the range of 1 to 14. Such PEG includes PEG 200, PEG 300 and PEG

400. Especially PEG 200 and 300 are preferred.

30 Other preferred polymers for the pharmaceutical vehicle for transmucosal delivery of the

fentanyl includes one or more substances selected from n-glycofurols represented by the

formula I
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preferably wherein n is an integer in the range of 1 to 8, and more preferred 1 or 2; or

mixtures thereof. The amount of n-ethylene glycol and/or n-glycofurol contained in the

vehicle may be between 0.5 to 100
w
/w %- The beneficial effects of the polymer include

5 increased stability of the fentanyl. However, it is preferred that the amount of n-ethylene

glycol and/or n-glycofurol contained in the vehicle is at the most 30 % w
/w > such as at the

most 25 % w
/w,

preferable at the most 15% w
/w such at the most 10 % w

/w, such as the

most 5% w
/w . The lowest concentration of the polymer is preferred in formulations with a

high concentration of fentanyl is desired.

10

The pharmaceutical vehicle according to the invention also includes the ones wherein the

amount of n-ethylene glycol and/or n-glycofurol contained in the vehicle is at the most

about 100 % w
/w ,

preferable at the most 80 % w
/w . such as the most 50 % w

/w - The highest

concentration of the polymer is preferred in formulations with a low concentration of

15 fentanyl is desired.

The increased stability to the fentanyl in the vehicle obtained by the presence of -ethylene

glycol and/or n-glycofurol relates to a reduced effect on radiation to the fentanyl in the

vehicle. The presence of the polymer is believed to increase the resistance for light stress

20 and possibly also to temperature stress by 1-2.5 % per week or about 2-10% within one

month.

A further and very important issue according to the invention is the effect obtained with

respect to a decreased adsorption of the fentanyl to the surfaces of the devices used for

25 delivery and/or the utensils used for production. When comparing a vehicle comprising the

n-ethylene glycol and/or n-glycofurol not comprising the polymeric compound and/or

compared with a corresponding vehicle where the n-ethylene glycol and/or n-glycofurol is

replaced with water, the n-ethylene glycol and/or n-glycofurol comprising vehicle provide a

higher degree of active substance. The difference in loss may be within 1-20% depending

30 on the specific device.

A dosage unit of the invention comprises fentanyl, or salts thereof, in a suitable solvent, at

a concentration equivalent to about 0.4 to 75 mg/mL of fentanyl. Alternatively defined, a

dosage unit is about 10 to 500 |iL, such as about 10 to 200 jj.L, preferably about 50 to 150

35 \xL of the composition of the invention. A dosage unit is administered to the patient and
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the amounts of fentanyl administered to the individual is an important feature of the

invention.

A dosage unit is preferably formulated for transmucosal administration, preferably wherein

5 transmucosal administration comprises delivery of fentanyl through the nasal mucosa.

As stated, a dosage unit comprises sufficient agent such that, whereupon administration

of the composition provides a pain reduction score in the range of 2 to 7, such as 2, 3, 4,

5, 6, and 7, preferably such as 3, 4, 5, and 6, as measured by PID upon delivery of no

1 0 more than two dosage units, preferably after delivery of one dosage unit.

The method of the invention relates to the treatment, alleviation or lessening of acute or

breakthrough pain, such as benign acute pain episodes like angina pectoris, colic/biliary

pain, trauma, postoperative pain, dental pain, orofacial pain, sympathetic pain syndrome,

15 pancreatic pain, myocardial infarction pain, back pain, cancer pain, pain during or after

change of dressing and pre-operative anesthesia.

Alternatively defined, the method comprises the administration of fentanyl or a

pharmaceutically acceptable salt thereof to the circulatory system of an individual in need

20 of acute pain relief wherein said administration comprises administration of a treatment

dosage of no more than 2 dosage units each comprising 70 \ig to 2000 jag of fentanyl in a

pharmaceutical vehicle for transmucosal delivery of fentanyl to a mucosal membrane of

the individual.

25 As was implied supra, important aspects of the invention relate to the use of a

composition comprising fentanyl, or salts thereof, for the preparation of a medicament for

the treatment of pain in a mammal wherein administration of said medicament comprises

delivery of one or more dosage units each equivalent to about at least 70 \xg of fentanyl,

wherein said dosage unit is formulated for transmucosal administration and to a method

30 for treating, alleviating or lessening pain in an individual comprising the administration of a

pharmaceutical composition comprising fentanyl, or salts thereof, in a dosage unit

equivalent to at least 70 |ig of fentanyl.

35

Alternatively defined, the invention relates to the use of a composition comprising

fentanyl, or salts thereof, for the preparation of a medicament for the treatment of pain in a
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mammal, wherein said medicament is formulated for transmucosal administration of a

dosage unit, wherein said dosage unit comprises an amount equivalent to about at least

70 |ug of fentanyl.

Similarly, the use of a composition comprising fentanyl, or salts thereof, for the

preparation of a medicament for the treatment of pain in a mammal wherein said

medicament comprises a concentration equivalent to about 0.4 to 75 mg/mL of fentanyl,

wherein the medicament is formulated for transmucosal administration and a method for

treating, alleviating or lessening pain in an individual comprising the administration of a

pharmaceutical composition comprising fentanyl, or salts thereof, wherein said

composition has a concentration equivalent to about 0.4 to 75 mg/mL of fentanyl are

further important aspects of the invention.

High peak plasma concentrations are associated to the serious side effects related to

opioid analgesia. It is thus an object of the invention to provide a composition and,

wherein said administration of the no more than two dosage units has a peak plasma

concentration of no less than 5% and no more than 75% of the peak plasma

concentration obtained by intravenous administration of said dosage unit(s), within the

treatment dosage range of from about 70 to 2000 jug, preferably a peak plasma

concentration of no less than 30% and no more than 75% of the peak plasma

concentration obtained by intravenous administration of said dosage unit(s), within the

treatment dosage range of from about 70 to 2000 |ig.

An important feature of the present invention is that analgesic levels are reached not by a

titration of the composition but by administration of only one or at most two dosage units.

Thus, in a preferred embodiment, administration of no more than two dosage units

provides a peak plasma concentration of no less than 5 % and no more than 75% of the

peak plasma concentration obtained by intravenous administration of said dosage unit(s),

at treatment dosages in the range of from about 70 to 2000 p.g. In a more preferred

embodiment, administration of no more than two dosage units provides a peak plasma

concentration of no less than 30 % and no more than 75% of the peak plasma

concentration obtained by intravenous administration of said dosage unit(s), within the

treatment dosage range of from about 70 to 2000 jug.
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Another aspect of the invention relates to the importance of reducing the peak plasma

concentration of fentanyl without diminishing the intended analgesic effect. As it has been

stated, an important feature of the present invention is providing a full analgesic dosage

sufficient for alleviating pain by means of one or at most two delivery operations

5 comprising administering at most two dosage units, rather than the "titration" of stepwise

administration of repeated smaller dosages. The present method provides higher plasma

concentrations and faster analgesia. However, in the case of extreme pain, it is

anticipated that a treatment dosage may require more than two delivery operations of the

dosage units of the present invention; the dosage units comprising at least 70 |ig of

10 fentanyl. These repeated administrations do not require the patient to await any protracted

period of time or an effect to take place before a repeated self-administration. The division

of the treatment dosage is primarily for the purpose of decreasing the value of the peak

concentration without decreasing the treatment dosage. Alternatively, the dosage units

may then be customised to meet the needs of the patient so as to comprise higher doses

15 of fentanyl. In either embodiment, high peak plasma concentrations are intrinsically

avoided by the pseudo slow and sustained release characteristics of transmucosal

delivery, as shown in Figures 1, and 1A-4C.

Accordingly, in a suitable embodiment delivery of the treatment dosage may be divided

20 into administration of no more than 4 dosage units administered within no more than 15

minutes, each administration comprising at least 70 jug of fentanyl, preferably no more

than 3, typically no more than 2, such as 2 or 1 . In the embodiment wherein administration

of the treatment dosage comprises administration of more than 2 dosage units, the last

administered dosage may be administered on a time when the effect of the first individual

25 dosage is decreased to such a level that the maximum analgesic effect obtainable with

the treatment dosage is lowered substantially. For a maximum analgesic effect with a

given treatment dosage of fentanyl, the divided treatment dosage is administered within at

the most 5 minutes, preferably within 3 minutes or 2 minutes. Irrespective of the number

of minutes during which administration of the treatment dosage of the invention is

30 performed, the important features of a decrease in the maximum peak plasma

concentration and fast onset-of-action are obtained.

Accordingly, in one embodiment, the method according to present invention relates to a

treatment regimen wherein the divided treatment dosage upon administration of the

35 individual dosage unit quantities of the treatment dosage results in a peak plasma
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concentration which is substantially lower than the peak plasma concentration of the

treatment dosage administered as a single dosage.

In an interesting aspect of the invention, repeated administration of dosage units does not

5 result in increases in peak plasma levels. In intravenous administration, repeated

administration continue to elevate the plasma concentrations to undesired high levels.

Conversely and advantageously, again possibly due to pseudo sustained release

characteristics of the mode of administration, repeated transmucosal administration of a

dosage unit does not continue to elevate the plasma concentration. Thus, in an interesting

1 0 embodiment of the invention, the method is such that administration of the medicament

results in a CmsXi naSai / Cmax, w ratio which decreases with increasing dosage units when

comparing equal amounts of fentanyl delivered by both modes of administration (nasal vs.

intravenous), within the treatment dosage range of from about 70 to 2000 \ig.

15 With respect to nasal administration it is very convenient to divide the treatment dosage

into one or more dosages for each nostril. Accordingly, one aspect of the invention relates

to a treatment dosage which is divided into at the most 3 to 4 individually dosage unit

quantities, preferably into 2 or 1 individually dosage unit quantities.

20 A suitable administration form of the composition comprising the fentanyl is fentanyl

dissolved, dispersed or suspended in a dosage unit quantity volume of 50-400 |il whereby

the fentanyl may be administered to the mucosal membrane of the nose in a dosage unit

quantity volume of 25-200 jj.I per nostril. Examples of suitable compositions is disclosed in

the examples and includes a vehicle wherein the treatment dosage of fentanyl is

25 comprised in a solution of 10 mg/ml in a vehicle comprising 5% PEG.

The preferred method for transmucosal delivery according to the present invention is the

nasal route whereby a bioavailability of at least 50% may be obtained, such as at least

60% and preferably about 70%. Thus, a composition preferably has a bioavailability of no

30 less than 75% that of intravenous administration, preferably no less than 80% of

intravenous administration, more preferably no less than 90% of intravenous

administration.

As stated, the method of the invention relates to the administration of fentanyl so as to

35 achieve high plasma concentrations. However, peak plasma concentrations at levels of
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those achieved by intravenous administration are preferably avoided. Thus, in a preferred

embodiment, the method is such that administration of the no more than two dosage units

has a peak plasma concentration of no less than 5% and no more than 75% of the peak

plasma concentration obtained by intravenous administration of said dosage unit(s), within

5 the treatment dosage range of from about 70 to 2000 |ng, preferably a peak plasma

concentration of no less than 30% and no more than 75% of the peak plasma

concentration obtained by intravenous administration of said dosage unit(s), within the

treatment dosage range of from about 70 to 2000 jug.

1 0 The treatment regimen according to the invention is relevant for patients suffering from

acute pain such as post-operative pain, pain after accidents and break through pain. The

treatment regimen according to the invention is especially relevant for patients suffering

from break through pain despite a suitable continuing analgesic treatment, inter alia where

the patient further receives an analgesic administered in a substantially regular regimen.

15 Such regular regimen may be of any conventional manner and may include fentanyl or

other analgesics. In one embodiment, the analgesic in the substantially regular regimen is

an opioid or opioid analogue or a pharmaceutical^ acceptable salt thereof including

fentanyl. The analgesic, such as fentanyl, of the substantially regular regimen may be

administered orally, by the transdermal route or by depot devices, or by other

20 conventional means well known in the art.

In one very interesting aspect of the invention, the substantially regular regimen includes

fentanyl or a pharmaceutically acceptable salt thereof administered in a transdermal

patch.

25

One important aspect of the invention is to provide the patient with a tool for optimising

the treatment of acute pain irrespectively of an underlying analgesic treatment. By

administration of the full treatment dosage it is possible to provide the individual patient

with a relative plasma concentration of fentanyl corresponding to the pain intensity of the

30 individual patient. When the patient recognises the breakthrough pain or plans activities

developing pain with a certain degree the relevant treatment dosage may be administered

in advance or at least before the pain is severe and on a case to case basis. Other

patients may know the treatment dosage which is sufficient and divide the dosage as

explained above if relevant for avoiding side effects due to a too high peak plasma

35 concentration of the administered treatment as a single dosage.
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Accordingly, in one aspect the present invention relates to a method for treating acute

pain wherein the patient measures pain intensity regularly by use of a score and upon a

pain score exceeding a predetermined value administers a treatment dosage of fentanyl

5 relevant for the individual patient and the pain intensity. In other words the treatment

dosage may be individually correlated to the relative pain intensity as measured by the

patient himself.

The use of fentanyl according to the invention includes formulations wherein the treatment

1 0 dosage of fentanyl is delivered to the mucosal membrane in the form of a solution,

dispersion, emulsion, suspension, bioadhesive and non-bioadhesive gel, powder,

micropheres, bioadhesive and non-bioadhesive patches or in other forms suitable for

transmucosal delivery well known in the art including lozenges and lollipops.

1 5 The fentanyl is primarily administered by use of a device suitable for delivery of liquid,

semi-solid or powder formulations to the mucosal membrane in question and includes use

of drops, sprays, aerosols, insufflators, inhalators and patches.

The present invention further relates to a pharmaceutical composition comprising a

20 treatment dosage of dosage comprising 70 p.g to 2000 jxg fentanyl or a pharmaceutical^

acceptable salt thereof in a pharmaceutical^ acceptable vehicle having a total volume of

1-2000 fxE or a total weight of 1-2000 ug for use in treatment of acute pain. The preferred

fentanyl is fentanyl citrate in vehicle selected from water, n-ethylene glycol (PEG) and

from n-glycofurol and mixtures thereof. The preferred ethylene glycol is represented by

25 the formula H(OCH2CH2)pOH wherein p is an integer in the range of 1 to 14 and includes

PEG selected from PEG 200 and PEG 300 and 400. PEG 300 and 200 being most

preferred. The n-glycofurols being represented by the formula I shown herein, wherein n

is an integer in the range of 1 to 8, preferable in which n is mainly 1 and 2.

30 The pharmaceutical composition according to present invention includes a composition

wherein the amount of n-ethylene glycol and/or n-glycofurol contained in the vehicle is

between 0.1 to 100
w
/w .

Vehicles and excipients suitable for transmucosal delivery include salts of bile acids such

35 as glycocholate, taurocholate and deoxycholate; cyclodextrins; chitosan; polysaccharides;
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lectins such as lycopersicon esculentum agglutinin, wheat germ agglutinin and urtica

dioica agglutinin; bacterial invasins; fusidic acid derivatives; sodium taurodihydrofusidate

(STDHF); phospholipids; ^phosphatidylcholine (LPC); didecanoyl-L-phosphatidyl-

choline (DDPC); vegetable oils such as coconut oil, groundnut oil and almond oil; benzyl

5 alcohol; bacitracin; sodium hyaluronate; hyaluronic acid; polyacrylic acid and derivatives

thereof; methylcellulose; microcrystalline cellulose (MCC); carboxymethyl cellulose;

ethyl(hydroxyethyl)cellulose (EHEC); hydroxypropylmethylcellulose (HPMC); plastoid L50;

poloaxmers; propylene glycols; and fatty acids.

1 0 Pain management using the composition, dosage units or methods of the invention may

be paired with other technologies to form part of multi-component strategy to pain

management. This strategy may, for example, utilise known technologies for the

management of chronic pain and the present invention for management of pain during

acute episodes of pain. Thus, a further aspect of the invention relates to a kit comprising

1 5 i) composition formulated for the delivery of a dosage unit comprising 70 \ig to 2000 |ng of

fentanyl, or pharmaceutical^ acceptable salts thereof for a continuous treatment of pain in

a vehicle for transmucosal delivery for the treatment of acute pain; and

ii) an analgesic for continuous treatment of pain.

20 In a preferred kit, the analgesic for continuous treatment of pain is fentanyl or a

pharmaceutically acceptable salt thereof in a form suitable for transdermal delivery such

as a patch.

A further aspect of the invention relates to use of a treatment dosage of fentanyl or a

25 pharmaceutically acceptable salt thereof comprising 70 jag to 2000 \ig fentanyl in a

pharmaceutical vehicle for transmucosal delivery, for the preparation of a medicament for

treating acute pain in a patient in need thereof by administering said treatment dosage to

a mucosal membrane of the patient.

30 For the purposes of pain management, the individual may be further administered an

analgesic. The analgesic may be any known to the person skilled in the art such as those

selected from the group comprising gold compounds such as sodium aurothiomalate;

non-steroidal anti-inflammatory drugs (NSAIDs) such as naproxen, diclofenac,

flurbiprofen, ketoprofen, and ketorolac; opioid analgesics such as codeine,

35 dextropropoxyphene, dihydrocodeine, morphine, diamorphine, hydromorphone,
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methadone, pethidine, oxycodone, levorphanol, fentanyl and alfentanil, para-aminophenol

derivatives such as paracetamol; and salicylates such as aspirin. In a preferred

embodiment, wherein the analgesic is fentanyl, or salts thereof.

5 From the Examples, it can be seen that the fentanyl composition of the invention,

formulated for nasal administration, has very similar analgesic properties to formulations

for intravenous administration in terms of relation to pain intensity, pain intensity

difference and sum of pain intensity difference. Results indicated that total analgesia

obtained with the two formulations did not differ. These observations and the benefits of

10 the nasal route of administration make nasal fentanyl a most promising new way of

treating pain either used alone or as supplementary pain therapy.

With regards to time-to-onset-of-action, in obtaining analgesia to acute pain, a quick onset

of effect is important. From the Examples and Figure 5, it can be seen that the median

1 5 time to onset in the present trial was 1 min after intravenous administration and 7 min

after nasal administration. In real life situations it takes time before an intravenous

injection can be prepared and given by a nurse or doctor whereas nasal administration

can be handled by the patients themselves immediately after the need of analgesia is

recognised. Thus the fastest pain relief may well be obtained after nasal self

20 administration of fentanyl.

With regards to duration-of-action, duration of analgesic effect was found to be 49 min

after intravenous administration and 56 min after nasal administration of the composition

of the invention. Duration of analgesia after a single intravenous dose (up to 100 jag) has

25 been found to be 30-60 min (16). After i.m. administration duration may be 1-2 hours (16).

A recent publication elucidated break-through pain (BTP) in hospice patients in which

72% of the BTP episodes lasted less than 30 min (16).

Although the use of plasma concentrations of fentanyl may be clinically useful, plasma

30 levels do not reflect patient sensitivity to fentanyl and therefore should not be used as a

sole determinant of efficacy or toxicity. Cmax.nasai in the exploratory population increased

from 0.7 ng/ml for 75jag to 1.7 ng/ml for 200 |j.g fentanyl. In opioid-naive patients,

analgesia has been known to be experienced in the range of fentanyl plasma

concentrations of 0.2 to 1 .2 ng/mL (16), confirming that this study reached therapeutic

35 analgesic plasma concentrations of fentanyl. The smaller Cmax.nasai may result in a more
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favourable side effect profile for nasally administered fentanyl in regard to side effects

related to plasma concentration.

Notably, mean Tmax (the time it takes to reach maximum plasma concentrations) in the

5 exploratory population using the composition of the present invention, was 12.8 min for

nasal and 6.0 min for intravenous administration. However, as can be seen from the

illustrative examples of Table 1, even at 75 p.g, analgesic levels of 0.2 to 1 .2 ng/mL (if one

basis oneself on (16)) were achieved within 3 minutes. A stated however, the median time

to onset was 7 min after nasal administration

10

BRIEF DESCRIPTION OF TABLES AND FIGURES

Table 1 compares the plasma concentrations of illustrative patients undergoing treatment

with 75 |*g of fentanyl by means of nasal administration to those receiving 75 \ig of

15 fentanyl by means of intravenous administration. Data points are plotted in Figures 1A,

1B, and 1C.

Table 2 compares the plasma concentrations of illustrative patients undergoing treatment

with 100 |a.g of fentanyl by means of nasal administration to those receiving 100 jag of

20 fentanyl by means of intravenous administration. Data points are plotted in Figures 2A,

2B, 2C and 2D.

Table 3 compares the plasma concentrations of illustrative patients undergoing treatment

with 150 fig of fentanyl by means of nasal administration to those receiving 150 ug of

25 fentanyl by means of intravenous administration. Data points are plotted in Figures 3A, 3B

and 3C.

Table 4 compares the plasma concentrations of illustrative patients undergoing treatment

with 200 (xg of fentanyl by means of nasal administration to those receiving 200 jug of

30 fentanyl by means of intravenous administration. Data points are plotted in Figures 4A, 4B

and 4C.

Table 5 compares pain intensity (PI) scores and pain intensity difference (PID) scores of

intranasal administration to intravenous administration at 75 \ig of fentanyl of individual

35 patients. PID values are plotted in Figure 6a.
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Table 6 compares pain intensity (PI) scores and pain intensity difference (PID) scores of

intranasal administration to intravenous administration at 100 (ig of fentanyl of individual

patients. PID values are plotted in Figure 6b.

5

Table 7 compares pain intensity (PI) scores and pain intensity difference (PID) scores of

intranasal administration to intravenous administration at150 jag of fentanyl of individual

patients. PID values are plotted in Figure 6c.

10 Table 8 compares pain intensity (PI) scores and pain intensity difference (PID) scores of

intranasal administration to intravenous administration at 200 |xg of fentanyl of individual

patients. PID values are plotted in Figure 6d.

Figure 1 illustrates the differences in plasma profiles overtime of the three compared

15 methods and compositions. Intravenous administration results in a sharp peak providing a

rapid onset of action. However, the plasma levels quickly decrease as well. The high peak

concentrations of intravenous administration are associated with the adverse side effects

of the treatment. Conversely, the "titration" treatment described in (4-6), provides peak

concentrations after a period of time considered to be too long by some pain sufferers.

20 The time to onset of action is much longer than intravenous administration or the method

of the invention. The composition and method of the present invention provides relatively

fast onset of action and peak plasma concentrations, as well as having an extended

duration of effect as shown by the slow sloping downward curve as opposed to the

relatively steep downward curve of intravenous administration.

25

Figures 1A, 1B and 1C compare the plasma concentrations of illustrative subjects

undergoing treatment with 75 \ig of fentanyl by means of nasal administration to those

receiving 75 |xg of fentanyl by means of intravenous administration. High plasma

concentrations are reached relatively rapidly by nasal administration with a longer

30 duration of action. Peak plasma concentrations are lower than by intravenous

administration.

Figures 2A, 2B, 2C and 2D compare the plasma concentrations of illustrative patients

undergoing treatment with 1 00 jxg of fentanyl by means of nasal administration to those

35 receiving 100 jug of fentanyl by means of intravenous administration. High plasma
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concentrations are reached relatively rapidly by nasal administration with a longer

duration of action. Peak plasma concentrations are lower than by intravenous

administration.

5 In Figures 3A, 3B and 3C compare the plasma concentrations of illustrative patients

undergoing treatment with 150 of fentanyl by means of nasal administration to those

receiving 150 ug of fentanyl by means of intravenous administration. High plasma

concentrations are reached relatively rapidly by nasal administration with a longer

duration of action. Peak plasma concentrations are lower than by intravenous

10 administration.

Figures 4A, 4B and 4C compare the plasma concentrations of illustrative patients

undergoing treatment with 200 fig of fentanyl by means of nasal administration to those

receiving 200 ug of fentanyl by means of intravenous administration. High plasma

15 concentrations are reached relatively rapidly by nasal administration with a longer

duration of action. Peak plasma concentrations are lower than by intravenous

administration.

Figure 5 graphically illustrates the median time to onset of action for the varying doses of

20 fentanyl administered intranasally and intravenously.

Figure 6a, 6b, 6c and 6d depict the PID profiles of individual patients at 75, 100, 150 and

200 iig of fentanyl, respectively, administered intranasally in comparison to the same

dose administered intravenously.

25

Figure 7 illustrates the analgesic profile of oral p.n. treatment of breakthrough pain,

depicting the typical pain level during the day for a patient.. It also shows the coverage in

pain alleviation from the long acting, controlled release morphine twice a day and the fast

acting p.n. morphine. As illustrated in Figure 7, it is obvious that the action of the p.n.

30 morphine is too slow to cover the fast occurring breakthrough pain.

Figure 8 illustrates the pain relief obtained by the administration of a nasal formulation of

fentanyl along with controlled release morphine. The morphine covers the baseline

(chronic) pain, whereas the fast onset-of-action of the intranasal fentanyl provides

35 improved pain relief during the breakthrough pain episodes.
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EXAMPLES

Example 1 . Fentanvl nasal formulations; compositions

5

Example 1.0

fentanyl

sodium chloride

0.75 mg to 15 mg

10

IV

II

III disodium edetate

disodium hydrogen phosphate dihydrate

sodium dihydrogen phosphate dihydrate

purified or sterile water up to

0 to 9 mg

0 to 4 mg

0 to 15 mg

Oto 15 mg

1 mL

15 Fentanyl may be included in the formulation as a salt, appropriately adjusted by weight to

achieve the correct concentration of fentanyl. Other tonicity-adjusting agents may be used

instead of or in combination with sodium chloride such as dextrose, glycerol, sorbitol,

mannitol, potassium nitrate and sodium sulphate decahydrate or mixtures thereof.

pH may be adjusted to an appropriate level by use of acids and bases such as

20 hydrochloric acid and sodium hydroxide. Other buffer salts than the phosphates may be

used alone or in combination: citric acid, citrate salts and potassium salts.

Sufficient microbiological preservation may be achieved by addition of benzalconium

chloride, sodium edetate, disodium edetate, benzyl alcohol, parabenes or a combination

thereof.

25

Preparation:

The solid ingredients are dissolved one by one or all at the same time in water. The

formulation is subsequently filled into appropriate multiple dose or single dose nasal spray

devices, which may be equipped with electronic or mechanical recording and/or lock-out

30 systems.

Example 1.1

Composition of fentanyl nasal solution 0. 75 mg/ml (75 fig/dose)

35 II

fentanyl citrate

sodium chloride

1.18 mg

7.47 mg
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II disodium hydrogen phosphate dihydrate 2 mg

sodium dihydrogen phosphate dihydrate 2 mg

IV sterile water up to 1 mL

5 Example 1 .2

Composition offentanyl nasal solution 2 mg/mL (200 jug/dose)

I fentanyl citrate 3.14 mg

II sodium chloride 7.37 mg

III disodium hydrogen phosphate dihydrate 2 mg

10 sodium dihydrogen phosphate dihydrate 2 mg

IV sterile water up to 1 mL

Example 1 .3

Composition

15 I

II

III

IV

20

Example 1 .4

Composition offentanyl nasal solution 8 mg/ml (800 ng/dose)

I fentanyl citrate 12.56 mg

II sodium chloride 6.89 mg

25 III disodium hydrogen phosphate dihydrate 2 mg

sodium dihydrogen phosphate dihydrate 2 mg

IV sterile water up to 1 mL

offentanyl nasal solution 4 mg/ml (400 jug/dose)

fentanyl citrate 6.28 mg

sodium chloride 7.21 mg

disodium hydrogen phosphate dihydrate 2 mg

sodium dihydrogen phosphate dihydrate 2 mg

sterile water ud to 1 mL

Example 1 .5

30 Composition of fentanyl nasal solution 10 mg/ml (1000 /ug/dose)

I fentanyl citrate 15.70 mg

II disodium hydrogen phosphate dihydrate 2 mg

sodium dihydrogen phosphate dihydrate 2 mg

III sterile water up to 1 mL

35
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Example 2.0

5

Composition

I fentanyl

II sodium chloride

0.75 mg to 15 mg

0 to 9 mg

0 to 4 mg

0 to 4 mg

0 to 4 mg

III disodium edetate

10

V

IV

disodium hydrogen phosphate dihydrate

sodium dihydrogen phosphate dihydrate

polyethylene glycol

purified or sterile water

1 to 300 mg

up to 1 mL

Fentanyl may be included in the formulation as a salt, appropriately adjusted by weight to

achieve the correct concentration of fentanyl. Other tonicity-adjusting agents may be used

15 instead of or in combination with sodium chloride such as dextrose, glycerol, sorbitol,

mannitol, potassium nitrate and sodium sulphate decahydrate or mixtures thereof. pH may

be adjusted to an appropriate level by use of acids and bases such as hydrochloric acid

and sodium hydroxide. Other buffer salts than the phosphates may be used alone or in

combination: citric acid, citrate salts and potassium salts.

20

To inhibit or reduce adsorption of fentanyl to polymer materials used in the nasal spray

device, excipients other than polyethylene glycols (PEG) may be added. Examples of

such agents are alcohol, glycofurol, poloxamers, polyoxythylene castor oil derivatives,

polysorbates, propylene glycol cyclodextrins, phospholipids and bile salts.

25

Sufficient microbiological preservation may be achieved by addition of benzalconium

chloride, sodium edetate, disodium edetate, benzyl alcohol or parabenes.

Preparation:

30 The solid ingredients are dissolved one by one in a mixture of IV and V. The formulation is

subsequently filled into appropriate multiple dose or single dose nasal spray devices,

which may be equipped with electronic recording and/or lock-out systems.
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Example 2.1

Composition offentanyl nasal solution 0. 75 mg/ml (75 fig/dose) with 0.1% PEG

I fentanyl citrate 1 . 1 8 mg

II sodium chloride 7.34 mg

5

III disodium hydrogen phosphate dihydrate 2 mg

sodium dihydrogen phosphate dihydrate 2 mg

IV polyethylene glycol 1 mg

V purified or sterile water up to 1 mL

10

Example 2.2

Composition offentanyl nasal solution 0. 75 mg/ml (75 jug/dose) with 5% PEG

I fentanyl citrate 1 . 1 8 mg

II sodium chloride 2.5 mg

15 III disodium hydrogen phosphate dihydrate 2 mg

sodium dihydrogen phosphate dihydrate 2 mg

IV polyethylene glycol 50 mg

V purified or sterile water up to 1 mL

20 Example 2.3

Composition offentanyl nasal solution 0. 75 mg/ml (75 jug/dose) with 10% PEG

I fentanyl citrate 1.18 mg

II disodium hydrogen phosphate dihydrate 2 mg

sodium dihydrogen phosphate dihydrate 2 mg

25 III polyethylene glycol 100 mg

IV purified or sterile water up to 1 mL

Example 2.4

Composition offentanyl nasal solution 0. 75 mg/ml (75 /xg/dose) with 30% PEG

30 I fentanyl citrate 1.18 mg

II disodium hydrogen phosphate dihydrate 2 mg

sodium dihydrogen phosphate dihydrate 2 mg

III polyethylene glycol 300 mg

IV purified or sterile water up to 1 mL
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Example 2.5

Composition offentanyl nasal solution 10 mg/ml (1000 jug/dose) with 5% PEG

I fentanyl citrate 15.70 mg

II sodium chloride 0.23 mg

5 III disodium hydrogen phosphate dihydrate 2 mg

sodium dihydrogen phosphate dihydrate 2 mg

IV polyethylene glycol 50 mg

V purified or sterile water up to 1 mL

10 EXAMPLE 3

Nasal absorption offentanyl in rabbits

Formulations

For intravenous administration

I for nasal administration

II for nasal administration

III for nasal administration

250 p.g fentanyl citrate/ml 0.9% saline

4 mg fentanyl citrate/ml 0.9% saline

4 mg fentanyl citrate/ml 5% PEG300

4 mg fentanyl citrate/ml 30% PEG300

20 Study design

The above-mentioned formulations were administered to New Zealand white rabbits (n=7)

in a cross-over design. The animals were dosed intravenously with a volume of 400 fj.l

(equal to 1 00 ^g fentanyl citrate) injected in a marginal ear vein. Intranasal administration

25 was performed by use of a pipette delivering a volume of 25 \x\ (equal to 100 p.g fentanyl

citrate) into one nostril. Blood samples of 500 ul were withdrawn at predetermined time

intervals up to 60 minutes. The samples were subsequently centrifuged and the plasma

isolated and frozen. The content offentanyl in the plasma samples was then determined

by use of a radioimmunoassay.

30

Calculations

35

The area under the plasma concentration-time curve from 0 to 60 minutes (AUC) was

determined for all formulations. For each nasal formulation, the bioavailability was

calculated using equation 1

:
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Equation 1 . Bioavailability =
AVCnasal— ioo%

^^intravenou

The time for the peak plasma concentrations to occur (tmax) was determined by visual

inspection of the plasma concentration-time curves.

5 Results

The mean plasma concentration-time profiles for the intravenous formulations and the

nasal formulations were measured and the overall pharmacokinetic results obtained are

given in the table below.

10

Mean plasma concentration-time profiles of 100 \ig of fentanyl citrate administered

intravenously and intranasally were in formulations of 0.9% saline, 5% PEG300 and 30%

PEG300 (n=7).

1 5 In the table below, the bioavailability (F) and time for peak plasma concentrations (tmax) for

intranasal administration of three different formulations of fentanyl (n=7) are shown.

Range Formulation I Formulation II Formulation III

F (%) 45-80 53-80 43-80

W (minutes) 2-5 2-5 2-5

EXAMPLE 4

20 Protocol for clinical trial according to the present invention:

A pilot, cross-over study to evaluate the tolerability, pharmacokinetic profile, as well as

onset, duration and extent ofpain relief of two different formulations of fentanyl in patients

with post operative pain after oral surgery.

25 Trial phase: Phase II (Therapeutic exploratory)

Objectives:

The objectives of this study are to establish the tolerability, the pharmacokinetic profile,

the onset and duration, and extent of pain relief of intra-nasal application of fentanyl

30 compared to intravenous administration at four different doses.



WO 02/09707 PCT/DKO1/00521

32

Trial Design:

This study is designed as a controlled, double blind, double dummy, 2-way crossover

study. The patients are randomised to 4 different dose levels (obtained through 2 different

formulations) in a balanced way.

5

Trial population:

Patients of both genders, age 1 8 to 40 years, weight normal, with indication for having

both mandibular third molars surgically removed.

10 Assessments:

Baseline pain intensity

The baseline pain must be at least "5" on the 1 1 -point numeric rating scale (NRS) to

include the patient.

15 Pharmacokinetic assessments

Blood samples will be drawn at (0, 1, 3, 5, 7, 9, 12, 15, 25, 40, 60, 90, 120, 180) minutes

after administration of study medication.

Pharmacokinetic assessments will be made founded on the results from analysis of

fentanyl concentrations in blood samples.

20

Pain intensity

Pain intensity will be scored on the 11-point numeric rating scale (NRS). Pain intensity

difference and sum of pain intensity difference will be estimated.

25 Onset and duration of analgesic effect

Onset, duration and time to rescue medication will be measured to obtain evidence of the

suitability of fentanyl as treatment for break-through pain.

General impression

30 General impression after each period will be obtained.

Tolerabilitv of the test drugs

Nasal tolerability, CNS effects, influence on mental state, and peripheral oxygen

saturation will be measured.

35
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Investigational drug:

75 p.g fentanyl per dose (blow) and 100 |ng fentanyl per dose (blow) for intra-nasal

application.

5 Four dose levels of fentanyl will be administered: 75 jig, 100 |j.g, 150 |j.g (75 jag x 2, five

minutes interval between doses), 200 ng (100 \ig x 2, five minutes interval between

doses).

Comparator:

10 Intravenous 75 ug fentanyl, and Intravenous 100 ug fentanyl.

Four dose levels of fentanyl will be administered intravenously: 75 ug, 100 \ig, 150 iig (75

jug x 2, five minutes interval between doses), 200 yig (100 fj.g x 2, five minutes interval

between doses).

15 Placebo:

To achieve the blinding a nasal application of isotonic buffered saline and an i.v. sterile

water will be used.

TRIAL VISIT PROCEDURES

20

Screening/

Inclusion

Day

First

Operation

Day

First

Control

Visit

Second

Operation

Day

Second

Control

visit

Informed Consent X

Inclusion/

Exclusion Criteria's
X X X

X
X

Physical Examination X

Past and Concomitant

Illness
X X X

X
X

Urine sample for

screening for drug

abuse

X

X

Urine sample for

screening for
X

X
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pregnancy

Blood samples for

pharmakokinetic

analysis

X

Data on Pain X X

Oxygen Saturation X X

Tolerability X X

Adverse Events X X

List of abbreviations and definitions of terms used in the protocol

AE: Adverse event

CRF: Case Report Form

SAE: Serious Adverse Event

GCP: Good Clinical Practice

ITT: Intention-to-treat

PP: Per-protocol

NRS: Numeric rating scale

IMAFT: fentanyl

CI: Confidence interval

PI: Pain intensity

PID: Pain intensity difference

15 SPID: Sum of pain intensity difference

AUC: Area under the curve

Cmax: Peak plasma concentration

Tmax : Time when peak plasma concentration is obtained

ke : Elimination rate constant

20 MRT: Mean residence time

HVD: Half value duration

Ta:75%Cmax : Duration of plasma concentration above 75% of Cmax

At present, fentanyl is administered as i.v., i.m., transdermal or buccal formulations. This

25 study is designed to investigate the pharmacokinetic, tolerability and pain relieving

aspects of intra-nasal application of fentanyl. The intra-nasal administration of fentanyl will

be non-invasive and should provide a rapid way of pain relief.
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The term break-through pain generally refers to transitory exacerbation of pain that occurs

on background of otherwise stable pain in a patient receiving chronic analgesic treatment

such as with an opioid treatment. The golden standard for treating episodes of break-

5 through pain has for many decades been supplementary p.n. doses of short acting oral

morphine. The nature of cancer pain being dynamic necessitates adjustment of the dose

level of chronic, long-acting opioid according to the level of p.n. morphine and the intensity

and duration of pain episodes.

10 The analgesic profile of plain morphine tablets for p.n. use comprise an onset of analgesia

within hour, a peak effect after VA-2 hours and a duration of effect of 4-6 hours.

Optimising the treatment of break-through pain must focus on a very fast onset of action,

a powerful and flexible pain relief and a sufficiently short duration to cover only the break-

through episode, and thereby minimising side effects.

15

The analgesic profile of oral p.n. treatment of breakthrough pain is illustrated by the

following drawing of Figure 7, where the typical pain level during the day for a patient is

illustrated together with an illustration of the pain control treatment divided in the coverage

from the long acting, controlled release morphine twice a day, and the fast acting p.n.

20 morphine. As illustrated in Figure 7 it is obvious that the action of the p.n. morphine is too

slow to cover the fast occurring break-through pain.

Recently, transdermal fentanyl in a patch formulation (Durogesic®) has gained

increasingly popularity due to the ease of use and a tendency towards better tolerability.

25 The use of fentanyl as basic, long-acting pain treatment in cancer patients calls for the

use of the same generic in a formulation designed to cover break-through pain episodes.

By a nasal formulation of fentanyl as illustrated in Figure 8, many of the features to gain

successful treatment of break-through pain is obtained: a very fast onset of action -

30 around 5 minutes - and a flexibility due to the possibility of divided doses securing a

sufficient dosage of analgesia reflecting the need both with respect to intensity and to

duration.

The development of the nasal fentanyl is aiming at treating, for one, cancer patients. This

35 pilot study to confirm the concept is extendable to cancer patients, despite directed in this
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study to patients in need of analgesic treatment due to pain after oral surgery. The Third

molar surgery model has the advantage of being a homogeneous pain model due to the

uniformity of patients, procedures, operative trauma and therefore predictable and stable

level of pain without confusing 'noise' from the many factors normally influencing the pain

5 and wellbeing of cancer patients.

The dose schedule used in this study is first of all based on the recommendations for

i.v./i.m. fentanyl for postoperative pain: 50 to 100 ng, repeated to achieve the desired

level of analgesia - and secondly on the published pharmacokinetics of nasal fentanyl

10 with a bioavailability of the nasal application of 71% as compared to i.v. fentanyl (9). Also

the experience from acute pain treatment in the anaesthesiologist-staffed ambulance

service 'Lsegeambulancen' where fentanyl for more than 5 years has been the drug of

choice for pain treatment in starting doses of 100 ng i.v. repeated with 5 to 10 minutes

intervals until desired effect. In this setting, doses of up to 400 p.g are given to patients

15 suffering from very severe pain. The tolerability of this regimen has, retrospectively, been

checked in hospital records to document the safe use (10).

Tolerability, onset-of-action and duration-of-action were assessed by a dose finding

approach starting with a low dose of 75 jig and a medium dose of 100 |j.g. Investigating

20 higher dose levels is achieved by repeating the dose with a interval of five minutes,

thereby obtaining the desired fast onset, and in addition a sufficient duration of action

(designed to manage the break-through pain episodes of 1
/£-1 hour), but avoiding too high

a peak plasma concentration.

25 A cross-over design is applied to gain bioavailability data. The treatment dosages were 75

fxg single dose, 75 jixg dual dose, 100 jig single dose and 100 jig dual dose.

Because fentanyl is a narcotic analgesic drug, patients - not healthy volunteers - have

been chosen as trial subjects.

30

Objectives

The objectives of this study are to establish the tolerability, the pharmacokinetic profile,

the onset, duration, and extent of pain relief of intra-nasal application of fentanyl

compared to i.v. administration at four different doses.

35
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Trial Design

This study is designed as a controlled, double-blind, double dummy, 2 way cross-over

study. The patients were randomised to 4 different dose levels and 2 formulations in a

balanced way.

5

Postoperative procedures

The patients are asked not to leave the department. If the patient does not experience

pain intensity of at least "5" on the 1 1-point NRS within 4 hours, the patient did not receive

study In a cross over study where the patient receive the same dose but in different

1 0 formulation in each of two periods, the patients serve as his/her own control - in this case

supplying a good calculation of the bioavailability and pharmacokinetic data and

comparable pain scores. The study is double-blind in order to obtain objective pain

scores.

1 5 Methods and Assessments / Measurements

Patients experiencing pain intensity of at least "5" at the 1 1-point NRS within 4 hours

received study medication (and if necessary rescue medication). These patients were

asked to stay for another four hours for safety reasons and in order to observe onset and

duration of pain relief and to fill-in the questionnaire part of the CRF regarding the effect of

20 the study medication. Recordings of pain intensity, tolerability of the study drug, and

oxygen saturation were performed at the following time points:

• before intake of study drug (time=0)

• every 1 5 minutes after intake of study drug for the first 2 hours

• every 30 minutes for the last 2 hours of the stay at the department.

25

Simultaneously blood samples were obtained for pharmacokinetic studies (0, 1 , 3, 5, 7, 9,

12, 15, 25, 40, 60, 90, 120, 180) minutes after administration of study medication.

Overview of post-operative sampling and recordings:

Time after Blood Pain Tolerability Oxygen

administration/ sample intensity saturation

minutes

0 X X X X

1 X

3 X
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5 X

7 X

9 X

12 X

15 X X X X

25 X

30 X X X

40 X

45 X X X

60 X X X X

75 X X X

90 X X X X

105 X X X

120 X X X X

150 X X X

180 X X X X

210 X X X

240 X X X

The patient was provided with 2 stopwatches. Both watches were started in connection

with the administration of study medication. One watch was stopped when the patients

are certain of the effect of the study drug, and the second when the patients experience

5 recurrence of pain. Pain recurrence is defined as "pain relief is no longer meaningful". If

patients took rescue medication before stopping the second stopwatch, the time until

rescue medication was used as "time to effect-end". The times for "onset-of-action" and

"effect-end" were recorded in the CRF. The time for administrating study medication is

recorded in the CRF. If the study medicine did not give sufficient pain relief the patient is

10 allowed to take rescue medicine (lbumetin®, Nycomed Danmark) 600 mg, 10 pes.). The

patient was asked to wait at least 1 hour before taking the extra medicine, if possible. The

patient was allowed to bring the rescue medicine home, and was asked to bring the

remaining rescue medication and/or the empty package back at the control visit. At the

end of the observation period the patient scored the general impression of the treatment.

15

The questionnaire part covers time from intake of trial medication and the next 4 hours.

During the stay at the department, recordings of adverse events, if any, took place
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First Control Visit

One week after the operation the patient returns for a control visit. Intake of rescue and

concomitant medication, as well as adverse events, spontaneous reported and reported

5 after direct questioning, if any, are recorded in the CRF.

Second Operation Day

At least one week after the controls visit a second operation is performed. The procedure

from 1
st
operative day is repeated.

10

Postoperative procedures

The procedure from 1
st
operative day is repeated except that patients were treated with

the test drug if they need pain relief, also if their pain intensity does not reach "5" at the

1 1 -point NRS scale.

15

Second Control visit

One week after the second operation the patient returns for a control visit. The procedures

are identical to first control visit.

20 Administration and dosage

The study medicine must be taken when the patient experiences moderate to severe pain

after the oral surgery (pain intensity of "5" or more on the 1 1 -point NRS). The patient

received both formulations to achieve the double blind design of the study. Each patient

therefore has two nasal applications - one in each nostril - with an interval of five

25 minutes. Simultaneously, the patients have two i.v. injections of 2.0 mL with an interval of

five minutes. At least the first dose of test medicine will, depending on randomization, be

either fentanyl intranasal or fentanyl intravenous. The placebo intranasal and intravenous

is used as second dose for the two lowest dosage groups.

30 Baseline pain intensity

The baseline pain must be at least "5" on the 1 1 -point numeric rating scale (NRS) to

include the patient.

Question: "Please tick off the pain intensity on the 1 1 -point scale where 0

35 corresponds to "no pain", and 10 corresponds to "unendurable pain"
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The investigator or nurse enters the times and date of intake of medicine in the CRF.

Pharmacokinetic assessments

Blood samples of maximal 4 mL were drawn at the above specified time points (a total of

5 14 samples, corresponding to maximal 56 mL). Samples were centrifuged under cooling

conditions at 5°C, plasma was separated and stored at -20°C. Plasma samples were

shipped in one batch to the laboratory, adequately packed.

Details on laboratory procedures were described in the Laboratory Analysis protocol.

1 0 Pharmacokinetic parameters were calculated.

Onset of analgesic effect

Time to onset of effect (first stopwatch).

1 5 Duration of analgesic effect

Offset of analgesic effect (second stopwatch) was stated in the CRF and duration of effect

is defined as the length of the interval from onset of effect to offset of effect. However, if

the patient requires rescue medication before offset, duration was measured as time from

onset to the time of rescue medication.

20

Pain intensity (NRS)

Pain intensity is scored on the 1 1 -point NRS scale. Recordings took place every 15

minutes after intake of study drug for the first 2 hours and thereafter every 30 minutes for

the last 2 hours stay at the department.

25 Pij is the value of Pain Intensity at time point J, (missing values have been adjusted as

described under "Correction of scores").

Pain intensity difference (NRS)

Pl 0 is the baseline value of Pain Intensity (at time point T0).

30 PIDi is the value of Pain Intensity Difference at time point T\.

PIDi = Pl0 - Pli

Sum of Pain Intensity Difference, SPID, 4 hours

CPIDi is the cumulated (time weighted) sum of PID up to the time point Tj.

35 CPIDi = PID-, *(T.,- To)
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CPID2 = CPID! + PID2 * (T2 - Ti)

CPIDj = CPIDM + PIDi * (Tj - Tn)

SPID = CPIDi for i
= N

5 General impression (5-point scale, 4 hours)

Four hours after intake of the study medication, or at the time of intake of rescue

medication, the patient was asked about his/her general impression of the study drug.

This was done on a 5-point VRS as described below.

1 0 Question: "What do you think about the study medication?"

Possible answers:

Poor (0); Fair (1); Good (2); Very good (3); and Excellent (4) were stated in the CRFs.

Tolerability of the test drugs

15 See below.

Adverse events

See below.

20 Correction of scores

Duration of analgesia:

For duration, the observation point for patients who continue to have meaningful effect at

the end of the observation period is considered to be censored.

25

Pain intensity and pain relief:

Patients who dropout due to lack of effect or who take rescue medication between one

and 4 hours after study medication will keep the pain intensity score immediately prior to

dropping out/taking rescue medication, or the baseline value depending on which is

30 worse. The pain relief score was recorded as 0.

This procedure may underestimate the effect of the drugs but imitates the clinical course.

If no treatment is given, the patient's pains normally stay the same or increase, and the

patient does not experience any relief.

35
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Time to rescue medication:

Patients who do not require rescue medication within 4 hours after study drug

administration were considered to have censored observations. Missing data in general

impression were set to missing and were therefore not be included in the calculations.

5

Concomitant illness relates to any illness that is present at the start of the trial and

continues unchanged. Concomitant medication relates to any medication other than the

trial product that is taken during the trial, including screening and run-in periods. During

the operation local anesthetics (3% Citanest-Octapressin®, Astra) was used. The study

1 0 medicine was nasal fentanyl wherein two different dose strengths of fentanyl for nasal

application were used in the four different treatment groups:

750 ug/mL (as fentanyl citrate)

in a single dose nasal spray device produced by Pfeiffer, delivering

a single validated dose of 100 ^L, corresponding to a dose of 75 |*g

1 5 of fentanyl per dose. Nycomed Pharma performed the

manufacturing of the fentanyl solution and filled the devices.

1 mg/mL (as fentanyl citrate)

in a single dose nasal spray device produced by Pfeiffer, delivering

20 a single validated dose of 100 |aL, corresponding to a dose of 100

\ig fentanyl per dose. Nycomed Pharma performed the

manufacturing of the fentanyl solution and filled the devices.

Comparative treatment, fentanyl i.v.

25 One dose strength of fentanyl was used for the comparative double blind formulation to be

used for i.v. application:

Fentanyl solution for injection 50 p.g/mL (as fentanyl citrate), Haldid®, ampoules of 2 mL,

manufactured by Janssen-Cilag. This solution was diluted with sterile water, Nycomed

30 Pharma, in order to achieve an injection volume of 2 mL in all single injections, meaning

that the 100 jig group will be dosed with pure Haldid® and the 75 jug group received 1.5

mL of Haldid® diluted with 0.5 mL sterile water to 2.0 mL injection volume.

Placebo treatment.
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To achieve the blinding a double dummy technique was applied. Nasal application

devices produced by Pfeiffer, filled with isotonic buffered saline was used as dummies.

Nycomed Pharma filled the devices. Likewise, sterile water, Nycomed Pharma was used

for dummy blinding as the second dose of the i.v. treatment in two of the treatment

5 groups.

Medicine for analysis

In order to check shelf-life under trial conditions, 10 nasal delivery devices of each dose

strength and 10 ampoules of test drug were stored together with the trial medicine at the

1 0 site of investigation, and were analysed by Nycomed, after termination of the study.

Storage temperature must be below 25°C.

Randomisation and Blinding

A sealed code with the randomisation number containing information about the treatment

1 5 for the particular subject will be supplied for each subject.

The patients were randomised in a balanced way, securing an equal distribution between

treatments (intranasal and intravenous) as well as between dosage groups (75 \xg, 100

}ig, 150 ixg, and 200 |ag).

20

The study was double-blind, that is blinded to the patient, the staff and in addition to the

laboratory staff performing the fentanyl analysis, the Data Management and the

statistician until analyses are completed. As the patients and staff are blinded to the

treatment the schedule must be identical for all patients. This is achieved by a double-

25 dummy blinding technique for the nasal formulation and for the i.v. control as well due to

the wish of using an approved and marketed i.v. formulation. The blinding by double-

dummy technique can be summarised:

Dose group

Nasal period*

1. dose 2. dose

I.v. period

1. dose 2. dose

75|ig fentanyl nasal

Placebo i.v.

Placebo nasal

Placebo i.v.

fentanyl i.v.

Placebo nasal

Placebo i.v.

Placebo nasal

100 ng fentanyl nasal

Placebo i.v.

Placebo nasal

Placebo i.v.

fentanyl i.v.

Placebo nasal

Placebo i.v.

Placebo nasal
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150 ng fentanyl nasal

Placebo i.v.

fentanyl nasal

Placebo i.v.

fentanyl i.v.

Placebo nasal

fentanyl i.v.

Placebo nasal

200 ug fentanyl nasal

Placebo i.v.

fentanyl nasal

Placebo i.v.

fentanyl i.v.

Placebo nasal

fentanyl i.v.

Placebo nasal

*The term Nasal period and i.v. period is used for illustration and does not reflect

the order of treatment for patients, this is dependent solely on randomisation.

All i.v. administrations are prepared the same way: 1 .5 ml_ is always taken from "1

.

5 Ampoule" and 0.5 mL is always taken from "2. Ampoule". The different doses are

achieved as follows:

Dose group

Time "0° dose

1 . Ampoule 2. Ampoule

Time "5 minutes

1 . Ampoule

dose

2. Ampoule

75 |ng Haldid® Sterile water Sterile water Sterile water

100 ng Haldid® Haldid® Sterile water Sterile water

150 ng Haldid® Sterile water Haldid® Sterile water

200 ng Haldid® Haldid® Haldid® Haldid®

All adverse events are classified as either serious or non-serious based on strictly

10 objective definitions.

Tolerability

Nasal tolerability, signs and symptoms related to CNS effects of fentanyl, and the

influence of fentanyl on mental state was recorded separately. Likewise the peripheral

1 5 oxygen saturation - as an indicator of respiratory depression was recorded. All such signs

and symptoms that are considered adverse events must be noted.

Tolerability of the test drugs

This trial has a focus on the tolerability of the nasal application form, therefore specific

20 questions related to the nasal application has been included. All recordings obtained in

this section must, if they are categorised as adverse events, additionally be recorded as

such. Recordings will take place before intake of study drug and every 15 minutes

thereafter for 2 hours, then every 30 minutes for the last 2 hours stay at the department.

25 Nasal tolerability.
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Please score the following effect on an 1 1 -point NRS where 0 corresponds to no effect

and 10 to the greatest effect imaginable

Sore, itching or stinging nose:

Sore or stinging throat:

5 Dry or stuffy nose:

Runny nose:

Taste disturbance:

CNS effects

Please score the below effects on an 1 1 -point NRS:

1 0 Sedation: 0 corresponds to absolutely normal, active lively and dynamic and 1

0

means completely relaxed, calm, peaceful and tranquil

Nausea: 0 corresponds to perfectly normal, no nausea and 10 means completely

sick, about to vomit

15 Mental state

Please state the drug influence on mental state by a yes/no answer:

Do you feel high?

Are things around you mere pleasing than usual?

Is your speech not as loud as usual?

20 Do you feel more dreamy than lively?

Oxygen saturation

Peripheral oxygen saturation was measured transcutaneous (Pulse oxymetry with UV

detection) and recorded every 15 minutes for the first 2 hours post-dose, and thereafter

25 every 30 minutes.

Statistical Considerations

The Trial Statistician was responsible for the statistical analyses. A sample size

calculation relating to the pharmacokinetic objective of the trial shows that the suggested

30 number of patients gives a realistic possibility of detecting the expected difference in AUC.

The design of the trial includes 2 administration routes and 4 different doses. The power

considerations below are based on the assumption of dose-AUC linearity, which allows for

joining of the four dose groups. This leads to a comparison of the two administration

routes via a paired t-test.

35
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In a previous trial with i.v. administration of fentanyl(ref), an intra patient variability of 29%

on the Cmax parameter was found. Generally it is expected that the variability of Cmax and

AUC are of the same magnitude. In the same study there is a difference of 30% in AUC

between nasal and i.v. administration.

5

Primary Endpoint

The AUC is chosen as the primary endpoint, as the sample size and power calculation

justify a result that can detect a difference in AUC between the formulations in the level of

what can be expected.

10

Secondary endpoints:

Onset of analgesic effect:

The distribution function of time to onset of effect was analysed as a time to onset variable

using the Kaplan-Meier product limit estimation procedure with the purpose of giving a

15 graphical presentation of time to onset. The mean time to rescue medication and 90% CI

was calculated

Duration of analgesic effect:

Median duration of analgesic effect and 90%CI were calculated.

20

Time until rescue medication:

The distribution function of time to rescue medication for patients reporting onset of effect

were analysed as a time to onset variable using the Kaplan-Meier product limit estimation

procedure with the purpose of giving a graphical presentation of tome to onset. The mean

25 time to rescue medication and 90% CI were calculated

The amount of rescue medication used were tabulated.

General impression (5-point scale):

30 Proportions of patients in the 5 categories were illustrated graphically.

Tolerability of the test drugs

Nasal tolerability (sum of 5 different 11 -point scale scorings):

Results were tabulated and the mean sum and 90% CI were calculated

35 CNS effects (sum of 2 different 1 1-point scale scorings):
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Results were tabulated and the mean sum and 90% CI were calculated

Influence on mental state (yes/no response to: feeling high, feeling

pleased, feeling of low voice, feeling dreamy):

Results were tabulated and the mean sum of positive responses and 90%

5 CI were calculated

Peripheral oxygen saturation measured transcutaneous:

Graphical presentation of the mean saturation alone, in combination with

plasma concentration of fentanyl, and together with pain relief and intensity

scores were presented.

10

Adverse events

Because of the exploratory nature of the trial, all comparative analyses were conducted

on the Per Protocol population.

1 5 Methods of analysis

Primary endpoint

The pharmacokinetic profiles of the two application forms were compared by derived

variables of fentanyl.

20 The following variables were calculated:

AUC0-4, area under the curve from zero to 4 hours

Cmax, peak plasma concentration

Tmax> time to peak plasma concentration

MRT, mean residence time

25 HVD half value duration

Ta75% Cmax , duration of plasma concentration above 75% of Cmax when

Ke, elimination rate constant

AUC and MRT were calculated using the trapezoidal rule and the AUMC method (11,12).

30 The parameters AUC and Cmax , will be tested for dose linearity. Where linearity can be

assumed, the administration routes were compared by a t-test. If not, the comparison

takes account of dose.

The following formula were used for the extrapolation, where it is possible to estimate ke

35 (n denotes the time for the last data point with measurable concentrations):
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^ (A UC), and +%(AUMC)
K K K

If it is not possible to estimate ke with reasonable precision in the single patient, a

common estimate were used, where the results suggest that it is appropriate.

Alternatively, the patients were excluded from the analysis of the particular parameter.

5 The elimination rate constant (ke) was determined as the terminal slope of the semi-

logarithmic plasma concentration time curve by linear regression.

The peak plasma concentration (Cmax) was the maximum of the measured concentrations

and the time to peak concentration (Tmax) the corresponding sample time.

10

The half value duration (HVD) (13) was the time interval with plasma concentrations

above 50% of Cmax , and correspondingly cmax was the time interval with plasma

concentrations above 75% of Cmax

15 Tmax was compared between the administration routes via non-parametric methods.

Exploratory analyses is conducted on the pharmacokinetic profiles and on other

pharmacokinetic parameters.

20 Medicine for analysis:

Will be packed simultaneously with the test medicine, each fentanyl preparation was

packed in separate boxes, and was labelled accordingly.

EXAMPLE 5

25

5.1 Solubility of fentanyl citrate in PEG-water mixtures at 25°C

It was found that the solubility of FC decreased with increasing concentrations of PEGs.

However, pH varied from about 4 in 2.5% PEG to about 8 in 100% PEG. The solubility in

0.9% saline was about 16 mg/ml.

30

Since it was not possible to keep pH at a constant level, it was decided to use a

phosphate-citrate buffer (pH 6) for further experiments.
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Example 5.2

Solubility of fentanyl citrate in PEG-buffer mixtures, pH 6at25°C and 8 °C

With pH maintained between 5.9 and 6.5 (and therefore fentanyl citrate almost completely

ionised), the solubility of FC decreased from about 27 mg/ml in pure buffer to about 10

5 mg/ml with 30% PEG at 25°C. At 8°C the solubility in 2.5% PEG was about 10 mg/ml and

in 100% PEG about 3 mg/ml.

Example 5.3

Solubility of fentanyl citrate in PEG-buffer mixtures, pH 6 at 25 °C. Modified method

10 The solubility method a included a 5-minute period between subsequent additions of

solvent, to allow dissolution. Due to the increased viscosity in vehicles containing PEGs,

the rate of dissolution is reduced. This was performed to investigate whether the rate of

dissolution itself could cause the reduction in solubility of FC observed in PEG-vehicles.

The solubility of FC decreased from 49 mg/ml with 2.5% PEG300 to about 25 mg/ml with

15 30% PEG300. The corresponding figures for the 5-minute method was 19 mg/ml and 8

mg/ml, respectively.

It was expected that the solubility would generally be higher with this modified method.

More important, the course of the curve was almost identical to the original solubility curve

20 thereby indicating that the reducing effect of PEGs on solubility is most likely caused by

the solvent itself and not by the analytical method.

Calculation of doses

Assuming a delivery volume of 100 yJ, a dose of 1 mg fentanyl base, equivalent to

25 approximately 1.6 mg fentanyl citrate, requires a formulation concentration of about 16

mg/ml. At room temperature, the corresponding PEG-concentration is about 5 %w/w

Conclusion

From the data generated it can be concluded that PEG200 and PEG300 decreases the

30 solubility of FC in water and in buffer at pH 6. Without pH-control, PEGs increase pH. The

solubility of FC is lower in PEG300 than in PEG200 and reduction of temperature clearly

decreases the solubility of FC. In conclusion, nasal formulations of FC delivering 1 mg

fentanyl in 1 00 n-l volumes can be achieved using PEG-concentrations up to 2.5 %w/w.
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EXAMPLE 6

Effect of Periods

Data for the two days of surgery were compared for all PK-variables. Significant

differences were found for AUC0.3, Cmax ,
HVD (PP population) and MRT0-3 (PP population)

5 Also SPID differed for the first and second day of surgery. AUC0-3 and Cmax were both

lower in the first period compared to the second. For AUCo-3 : 5% lower for nasal, 14%

lower for i.v.; for Cmax : 5% for nasal, 42% lower for i.v.. In the PP population this period

effect was more pronounced, probably due to fewer patients. For variables with significant

period effect, this was taken into account when statistical analyses were performed, i.e.

10 when comparing formulations and doses.

Primary Endpoint

AUCm

AUCo-3-nasai increased from 34.9 ng x min/ml for 75 fig to 81.9 ng x min/ml for 200

fentanyl. For i.v. administration the corresponding figures were 28.0 and 88.3 ng x min/ml.

15 Linear dose-AUC0.3 relationships were found for both routes of administration and both

populations

When routes of administration were compared, i.e. the four doses pooled, AUC0-3-nasai was

higher than AUC0-3-i.v. with bioavailabilities of 107% and 1 1 0% for the exploratory and PP-

20 populations, respectively. The differences between AUC0.3.nasa i
and AUC0.3.i.v. were not

significant (p=0.14 and p=0.085)

Secondary Endpoints

AUCn-

25 AUCo.oo-nasai increased from 67.7 ng x min/ml for 75 ng to 138.6 ng x min/ml for 200 \ig

fentanyl. For i.v. administration the corresponding figures were 47.0 and 137.3 ng x

min/ml (exploratory population). Linear dose- AUC0.«, relationships were found for both

routes of administration and both populations.

30 When routes of administration were compared, i.e. results for the four doses pooled,

AUCo.M.nasai was higher than AUC0.«-i.v. with bioavailabilities of 116% and 119% for the

exploratory and PP-populations, respectively. The difference between AUC0^,nasai and

AUCo.«.i.v.
was significant for the PP but not for the exploratory population (p=0.045 and

p=0.071).
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Cmax-nasai in the exploratory population increased from 0.7 ng/ml for 75|ug to 1.7 ng/ml for

200 fig fentanyl. The corresponding results for the i.v. formulation were 0.9 and 2.6 ng/ml.

5 Linear dose-concentration relationships were found for i.v. administration in both

populations and for nasal administration in the exploratory population.

When routes of administration were compared, i.e. results for the four doses pooled, peak

concentration of nasal versus i.v. fentanyl was 71% for the exploratory population

10 (p=0.016). For the PP population this figure was 67% (p=0.013).

When routes of administration were compared, i.e. results for the four doses pooled,

mean Tmax was 12.8 min for nasal and 6.0 min for i.v. administration. The corresponding

15 values for the PP population were 13.0 and 5.8 min (p«0.0001 for both populations.

MRTn-s

MRT0.3 varied between 61.8 and 69.7 min There was no dose-MRT0.3 relationship for

either population. MRT0-3.nasai tended to be higher than MRT0-3-i.v. for the PP population

20 (p=0.054) but this was not the case for the exploratory population (p=0.17).

MRTn.cn

MRTo-o, varied between 125.6 and 257.4 min. There was no dose relationship and no

difference between the two formulations.

25

HVD

HVDnasai
varied between 19.0 and 46.4 min whereas results for i.v. administration were

between 10.6 and 30.3 min. No dose relationships were seen (p=0.34 exploratory, p=0.17

PP). HVD was 15.2 min in the i.v. PP group, i.e. 13 min shorter than in the nasal group

30 (p=0.0002). For the exploratory population this difference was 8 min (p=0.12).

T>75%Cmax

T>75%cmax varied between 8.2 and 16.6 min after nasal administration and between 3.4 and

7.7 min after i.v. administration. There was no dose relationship (p=0.20). T>75%cmax was 6

35 min shorter after i.v. than after nasal administration (p=0.0005). For the PP-population the
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dose relationship was significant and linear for the nasal formulation (p=0.045) whereas

there was no dose relationship for the i.v. formulation (p=0.81). T>75o/
0cmax was 7 min

shorter after i.v. than after nasal administration (p=0.001) in the PP population.

5 Kg

Ke varied between 0.0052 and 0.0073 after nasal administration and between 0.0047 and

0.0076 after i.v. administration. No differences between routes of administration or doses

were observed for either population.

10 Pain Intensity - PI

For all eight treatment groups the nadir of pain appeared at 15 or 30 min. For the smaller

doses, the lowest value generally was recorded once; for the higher doses up to three

times.

15 Sum of Pain Intensity Difference - SPID

No significant differences between administration routes were found for either population

or between doses. The high standard deviations of SPID0.4 are explained by the

calculation method after intake of rescue medication. When this took place, i.e. approx. 1

hour after intake of fentanyl, the highest pain intensity score (either baseline or last value

20 before rescue medication) was maintained until 4 hours. In order to reduce standard

deviations, SPID for 60 min was calculated. No significant differences were, however,

found after reducing the period of observation to 60 min

Time to Onset of Analgesic Effect

25 Median time to onset of effect was 1 min for i.v. and 7 min for nasal administration with

the four doses pooled (p=0.0001). No dose-response relationship was found (p=0.75 and

0.55) For the exploratory population median time to onset was 2 min for i.v. and 7 min for

nasal administration (p=0.0001).

30 The results are illustrated in Figure 5

Duration of Analgesic Effect

Median duration of effect was 49 min for i.v. and 56 min for nasal administration with the

four doses pooled (p=0.61) A trend towards significant dose-response relationship for

35 nasal administration was seen (p=0.098). For the exploratory population the dose-
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response relationship was significant with a median duration of 47 min for 75 jig and 89

min for 200 yig (p=0.04)

The mean scores for pain intensity at onset and offset of analgesic effect were at time

5 points 1.7 and 2.3 for onset, 4.1 and 4.7 for offset of effect after i.v. and nasal

administration, respectively.

Rescue Medication

The amount of analgesic rescue medication, i.e. ibuprofen 600mg and any other

1 0 analgesics, is summarised below.

During the first 4 hours after surgery, ibuprofen was taken in all cases but one. The mean

dose was 1.1 ibuprofen tablet. The patients received a total of 10 ibuprofen tablets for

supplementary analgesic treatment during the week after tooth extraction. The mean

15 intake was 8.2 tablets. Other analgesics were taken as well. Paracetamol was the

analgesic most frequently taken.

The numbers of ibuprofen tablets taken per dose and route during the week after surgery

was 1 .8 tablets less after nasal (mean intake) than after i.v. administration (doses pooled)

20 (p<0.005).

Time to Rescue Medication

Median time to rescue medication was 63 min for i.v. and 68 min for nasal administration

(p=0.87). For the nasal route dose-response was close to significance in both populations

25 (p=0.081 and 0.051, respectively).

General Impression

Scores for general impression increased with dose, i.e. satisfaction with test treatment

was more pronounced with the higher doses. Scores tended to be higher for i.v. than for

30 nasal administration.

Efficacy Conclusions

Pharmacokinetic variables

Presentation of pharmacokinetic variables is based on the exploratory population. Linear

35 dose-AUC relationships were found for both routes of administration. When nasal and i.v.
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administrations were compared, differences of AUC0.3 and AUCo-o, were not significant.

The bioavailability of the nasal formulation therefore was interpreted to be 100%.

A linear relationship between dose and Cmax was found for both routes of administration.

5 With the four doses pooled, peak concentration of nasal versus i.v. fentanyl was 71%

whereas mean Tmax was 12.8 min for nasal and 6.0 min for i.v. administration.

Pharmacodynamic variables

Presentation of pharmacodynamic variables is based on the PP population. As reflected

10 in SPID, no significant differences in analgesia between administration routes were found

for either population or between doses.

Median time to onset of meaningful effect was 1 min for i.v. and 7 min for nasal

administration with the four doses pooled. No dose-response relationships were found.

15 For the exploratory population the median time to onset was 2 min for i.v. and 7 min for

nasal administration. The i.v. formulation as seen resulted in a faster onset of pain

reduction. This difference was not reflected in the Pain Intensity profiles since pain was

recorded only at 15 and 30 min after administration.

20 Median duration of effect was 49 min for i.v. and 56 min for nasal administration. For the

exploratory population the dose-response relationship was significant with a median

duration of 47 min for 75 jug and 89 min for 200 |ug.

That median time to rescue medication was 63 min for i.v. and 68 min for nasal

25 administration supports the impression that analgesic effect is comparable for the two

routes of administration.

Scores for general impression increased with dose, i.e. satisfaction with test treatment

was more pronounced with the higher doses. Scores tended to be higher for i.v. than for

30 nasal administration.

EXAMPLE 7

Adverse Events

35 No serious adverse events were recorded in this trial.
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The percentages of patients reporting adverse events seem fairly equally distributed

across the three lower doses whereas the number of events was high in the 200 ng dose

group. Vertigo was the most frequently reported most of which were in connection to

5 intravenous administration. Respiratory depression was recorded 6 times, 5 of which in

relation to intravenous administration. Adverse events were coded according to the WHO

Adverse Reaction Dictionary version 1999.

In intravenous administration, adverse events such as pain or inflammation at the site of

10 injection are obviously not observed for intravenous administration. At 150 p,g

administered intravenously, respiratory depression was observed 3 times whereas at said

dose, respiratory depression was not observed for intranasal administration.

Tolerability. Nasal

15 Nasal tolerability, i.e. sore, itching or stinging nose, sore or stinging throat, dry or stuffy

nose, runny nose and taste disturbance was identical for nasal and intravenous

administration.

Tolerability. CNS Effects. Sedation and Nausea

20 Findings for the two CNS tolerability variables sedation and nausea indicated that

sedation was seen after all but two molar extractions. Worsening of nausea was recorded

in 3 patients receiving nasal and 6 patients receiving i.v. fentanyl. Nausea scores were

higher in the 150 and 200 jug dose groups. Conclusions were similar for cut off time points

60 and 240 min.

25

Tolerability. Mental State

For the questions: Are you feeling "high"? Is your speech less loud than usually? Are your

surroundings more pleasant than usually? about one fourth of the patients answered Yes.

There seemed to be no differences between formulations. There was a tendency towards

30 dose response relationship for feeling high. Only a few patients responded to the question

Do you feel more like in a dream than awake?

There were no deaths or serious/significant adverse events.
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EXAMPLE 8

Oxygen Saturation

5 Oxygen saturation was the only laboratory variable tested. There seemed to be no

difference between routes of administration but a tendency towards lower oxygen

saturation that lasted longer with increasing fentanyl doses.

Baseline values ranged from 94 to 100%. Only one patient had 94% as baseline and this

10 value was the lowest recorded for this patient. Excluding this patient, baseline values

ranged from 96 to 100%. The lowest value for individual patients seen during the 240 min

period varied between 92 and 98%. These low values were seen only once in the

respective patients who received 150/200 p.g i.v., 200 jug i.v. and 100/150/200 |xg nasal

doses, respectively. The last oxygen saturation values at 240 min varied between 96 and

15 100%.

Oxygen Saturation

There seemed to be no difference between routes of administration but a tendency

towards lower oxygen saturation that lasted longer with increasing fentanyl doses. This is

20 quite in line with expectations. It may be concluded that for this group of healthy patients,

oxygen saturation remained satisfactory during the treatment period.

Discussion

Trial model, design and GCP compliance

25 The pain model - removal of an impacted mandibular third molar - is a standardised

model for investigation of analgesic potency of opioids and other analgesics. The model is

well documented. It has the benefit of being suitable for use in both sides of the lower jaw

allowing a cross-over design and thereby minimising the variance in pharmacokinetic and

pharmacodynamic responses. The single dose design used reflects the therapeutic

30 explanatory nature of this trial. Randomisation and double-blind administration of test

treatment was used to avoid bias. For ethical reasons a placebo group was not included.

I.v. fentanyl was chosen as comparator since bioavailability of the fentanyl formulations

were to be compared.
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Using a university clinic specialised in running this model further had the advantage that it

was used to handle, inform and treat patients in a uniform way. The staff has profound

experience in data collection and ICH-GCP requirements from a substantial number of

trials with this model.

5

Discussion of data obtained

The use of fentanyl should be monitored by clinical assessment. The use of plasma

concentrations of fentanyl may be clinically useful; however, plasma levels do not reflect

patient sensitivity to fentanyl and therefore should not be used as a sole determinant of

10 efficacy or toxicity.

Fentanyl concentration levels

In opioid-naive patients analgesia has been obtained in the range 0.2 to 1.2 ng/mL (16),

confirming that this study reached therapeutic analgesic plasma concentrations of

15 fentanyl.

Cmax-nasai in the exploratory population increased from 0.7 ng/ml for 75|jg to 1.7 ng/ml for

200 p.g fentanyl. The corresponding results for the i.v. formulation were 0.9 and 2.6 ng/ml.

Linear dose-concentration relationships were found for i.v. administration in both

20 populations and for nasal administration in the exploratory population. The smaller Cmax-

nasai may hint a more favourable side effect profile for nasally administered fentanyl in

regard to side effects related to plasmaconcentration.

Mean Tmax in the exploratory population was 12.8 min for nasal and 6.0 min for i.v.

25 administration. The corresponding values for the PP population were 13.0 and 5.8 min. It

is reported in literature that time to peak concentrations after a standardized consumption

time of 15 minutes for doses of 200, 400, 800, and 1600 micrograms oral transmucosal

fentanyl produced peak concentrations after 20 to 40 minutes (16). Further when 3 doses

of oral transmucosal fentanyl citrate 800 micrograms were given 6 hours apart to 12

30 healthy volunteers, median times to peak concentration were 24, 22, and 23.5 minutes for

the respective doses. The Tmax.nasai is therefor seen as satisfactory in regard to the

comparable alternative fentanyl treatments. The nasally administrated fentanyl in this trial

reached recognised therapeutic drug level and demonstrated a shorter time to peak

concentration than for Actiq.

35
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Bioavailability

When routes of administration are compared, the differences between AUC0-3-nasai and

AUCo-3-i.v. respectively AUCWnasai and AUC0.«,-i.v. are not significant. The bioavailability of

the nasal formulation is therefor interpreted to be 100%. Some concern has been given to

5 the period effect. It has not been possible to elucidate the apparent difference between

periods in regard to administration of fentanyl or otherwise.

In publications the bioavailability of other nasal formulations in different delivery systems

has been demonstrated to be around 70%. A different device delivering different sized

10 drops in a maybe less precise manner can explain the very low bioavailability in regard to

the one obtained in this study. Further, other studies administer doses several time

introducing possibility for loss at every dose. Another aspect is the capability of fentanyl to

adhere to sudden surfaces. It is not clear whether this fact is is taken into account in the

published studies.

15

Oral transmucosal formulations is reported to have a bioavailability of 50% (16).

Onset of effect

In obtaining analgesia a quick onset of effect is important. Median time to onset in the

20 present trial was 1 min after i.v. and 7 min after nasal administration. In real life situations

it takes time before an i.v. injection can be prepared and given by a nurse or doctor

whereas nasal administration can be handled by the patients themselves immediately

after the need of analgesia is recognised. Thus the fastest pain relief may well be

obtained after nasal self administration of fentanyl.

25

In the present trial fentanyl was given to "healthy" patients. It is, however, believed that PK

and analgetic variables will be similar in other, e.g. cancer, patients. Onset of effect after

nasal administration was at least as good as results found after i.m. (7-8 min (16)) and

p.o. transmucosal administration (within 15 min, (16))

30

Duration of effect

Duration of analgesic effect here was found to be 49 min after i.v. and 56 min after nasal

administration. Duration of analgesia after a single i.v. dose (up to 100 p.g) has been

found to be 30-60 min (16). After i.m. administration duration may be 1-2 hours (16).

35
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A recent publication elucidated break-through pain (BTP) in hospice patients in which

72% of the BTP epsodes lasted less than 30 min (16) In these patients morphine tablets

with a duration of several hours may cause side effects, e.g. nausea and mental

incapacity, for a much longer period than the pain relief obtained with the tablet was

5 needed. In these patients fentanyl by nasal administration may give the required pain

relief without causing prolonged side effects. The effect of nasal fentanyl in BTP in cancer

patients has recently been demonstrated (15).

The variety of diseases and conditions causing acute pain allows no simple assumption

10 as to optimal duration of analgesia. Numerous clinical conditions, however, exist in which

self administered efficient pain relief obtained quickly - as with nasal fentanyl - may be

valuable. Nasal fentanyl may be given either alone or as supplementary pain therapy.

Examples are pain in connection with postoperative mobilization, short-lasting procedures

like change of dressings, angina pectoris, gall stones and trauma. For episodes requiring

15 pain relief for a longer period than supplied by a single dose of fentanyl, nasal

administration may be repeated.

The analgesic properties of the two formulations were presented as pain intensity, pain

intensity difference and sum of pain intensity difference. Results indicated that total

20 analgesia obtained with the two formulations did not differ.

Scores for general impression increased with dose, i.e. satisfaction with test treatment

was more pronounced with the higher doses. Scores tended to be higher for i.v. than for

nasal administration. The higher scores for i.v. may reflect the fact that both medications

25 are received when doses are received.

Safety

Safety conclusions based on single dose exposure have only limited value because

steady-state plasma concentrations and possible accumulation of drug will not occur.

30 Thus, the full adverse event profile of fentanyl was not investigated here. In future trials,

special attention should be given to the risk of respiratory depression since

hypoventilation may occur throughout the therapeutic range of fentanyl. The risk,

however, increases with plasma levels above 2 ng/ml in non-opioid tolerant patients,

especially patients with an underlying pulmonary condition or who receive other drugs

35 causing respiratory depression (16). Significant respiratory depression has developed with
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plasma fentanyl concentrations 1-3 nl/ml whereas respiratory effects were insignificant

below 0.7 nl/ml. There is no predictable relationship between plasma fentanyl

concentrations and PC02 (16). In opioid-naTve patients an increase in CNS effects

occurred with plasma fentanyl levels above 3 ng/ml (16).

5

The adverse event profile for fentanyl, however, was consistent with the adverse events

expected for this compound..

Benefits of nasal administration

10 Nasal administration of fentanyl offers a range of benefits. It is ideal for patients with

nausea or vomiting, obstipation or impaired gastro-intestinal absorption. The ease of

administration will facilitate compliance in less motivated patients like children and

mentally confused/disabled patients.

Nasal fentanyl can be taken by the patients themselves allowing the comfort of

15 independence from the medical staff. The psychological aspect of being independent and

knowing that efficient analgesia can be obtained quickly may even reduce the need for

medication. Nasal administration is non-invasive and therefore may minimize the risk of

infections. Nasal fentanyl may also be a cost efficient alternative in patient controlled

analgesia.

20

Indications

The main indications of nasal fentanyl appear to be BTP in cancer patients, bedside

therapy in postoperative pain, benign acute pain episodes like angina pectoris, gall

stones, trauma and change of dressing. Also pediatric patients may benefit from the easy

25 administration of nasal fentanyl. A broad range of organisations dealing with

emergency/acute pain situations, e.g. military, fleet, airlines, rescue teams and sport

management, may find the efficiency, quick onset and easy use of fentanyl interesting.

The pharmacokinetic results compared well with the pharmacokinetic characteristics

30 known for fentanyl. The bioavailability of nasal fentanyl did not differ from that of i.v.

fentanyl.

An onset of analgesic effect within minutes as seen in this trial is an important benefit in

treating pain. The limited duration of action of nasal fentanyl of approximately 1 hour may

35 also be a benefit in numerous clinical scenarios.
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The analgesic properties of the two formulations were presented as pain intensity, pain

intensity difference and sum of pain intensity difference. Results indicated that total

analgesia obtained with the two formulations did not differ. These observations and the

5 benefits of the nasal route of administration make nasal fentanyl a most promising new

way of treating pain either used alone or as supplementary pain therapy.
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CLAIMS

1 . A pharmaceutical composition comprising fentanyl, or salts thereof, in a suitable solvent

at a concentration equivalent to about 0.4 to 75 mg/mL of fentanyl.

5

2. A composition according to claim 1 , wherein said composition is formulated for

transmucosal administration.

3. A composition according to claim 2, wherein the transmucosal administration delivers

10 fentanyl through the nasal mucosa.

4. A composition according to any of claims 2 to 3, wherein said administration comprises

delivery of one or more dosage units of about 1 0 to 500 \xL, such as 1 0 to 200 pi,

preferably about 50 to 150 pL

15

5. A composition according to any one of claims 1 to 4, wherein said composition is

formulated for nasal delivery of a dosage unit,

said unit dose comprising an equivalent to at least about 70 pg of fentanyl, such as 80,

90, or 100 pg, such as 125, 150, 200, 250, or 300 pg, such as at least 350, 400, 450, 500

20 jig, such as 550, 600, 650, 700, 750, 800, 850, 900, or 950 pg, such as 1000, 1050, 1100,

1250, or 1300 pg, such as 1350, 1400, 1450, 1500 pg, such as 1550, 1600, 1650, 1700,

1750, 1800, 1850, 1900, or 1950 pg, such as a dosage unit equivalent to 2000 pg of

fentanyl.

25 6. A composition according to any one of claims 1 to 5, wherein said composition is

formulated for transmucosal delivery of a dosage unit equivalent to about 70 to 2000 pg of

fentanyl, such as 70 to 1800 pg, preferably 70 to 1500 pg, such as 70 to 1200 pg,

particularly preferably 70 to 1000 pg, more preferably 70 to 500 pg, most preferably

equivalent to 75 to 300 fig of fentanyl.

30

7. A composition according to any one of claims 2 to 6, wherein said administration

comprises delivery of not more than two dosage units.
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8. A composition according to any one of claims 1 to 7, wherein the concentration is

equivalent to about 0.5 to 20 mg/mL of fentanyl, preferably 0.6 to 15 mg/mL, 0.7 to 12

mg/mL, more preferably 0.75 to 10 mg/mL of fentanyl, most preferably 0.75 to 8 mg/mL.

5 9. A composition according to any one of claims 1 to 8, wherein the concentration is

equivalent to about at least 0.5 mg/mL fentanyl, such as 0.7 mg/mL, such as 0.75 mg/mL,

such as about 1 mg/mL, about 1.5, about 2, about 2.5, about 3, about 3.5, about 4, about

4.5, about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, and about 8 mg/mL.

10 10. A composition according to any one of claims claim 1 to 9, wherein said fentanyl or

salts thereof is fentanyl citrate.

1 1. A composition according to any one of claims 1 to 10, wherein the solvent comprises

solvents selected from the group comprising isotonic saline, water, polyethylene glycol, or

15 combinations thereof.

12. A composition according to any one of claims 1 to 1 1 for the treatment, alleviation or

lessening of acute or breakthrough pain, such as benign acute pain episodes like angina

pectoris, colic/biliary pain, trauma, postoperative pain, dental pain, orofacial pain,

20 sympathetic pain syndrome, pancreatic pain, myocardial infarction pain, cancer pain, back

pain, pain during or after change of dressing and pre-operative anesthesia.

13. A composition according to any one of claims 2 to 12, wherein said administration has

a time-to-onset-of-action of less than 10 minutes, such as less than 9 minutes, preferably

25 less than 8 minutes.

14. A composition according to any one of claims 2 to 13, wherein said administration has

a duration-of-action maintained throughout a period of at least 30 minutes.

30 15. A composition according to any one of claims 2 to 14, wherein said administration has

a duration-of-action maintained throughout a period of at least 30 minutes and throughout

a period of not greater than 90 minutes, preferably maintained throughout a period of at

least 30 minutes and throughout a period of not greater than 60 minutes.
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16. A composition according to any one of claims 2 to 15, wherein said administration has

a bioavailability of no less than 50 or 60 or 75% that of intravenous administration,

preferably no less than 80% of intravenous administration, more preferably no less than

90% of intravenous administration.

5

17. A composition according to any one of claims 2 to 16, wherein said administration has

a pain reduction score in the range of 2 to 7, such as 2, 3, 4, 5, 6, and 7, preferably such

as 3, 4, 5, and 6, as measured by PID upon delivery of no more than two dosage units,

preferably after delivery of one dosage unit.

10

18. A composition according to any one of claims 4 to 17, wherein said administration of

the no more than two dosage units has a peak plasma concentration of no less than 5%

and no more than 75% of the peak plasma concentration obtained by intravenous

administration of said dosage unit(s), within the treatment dosage range of from about 70

15 to 2000 p,g, preferably a peak plasma concentration of no less than 30% and no more

than 75% of the peak plasma concentration obtained by intravenous administration of said

dosage unit(s), within the treatment dosage range of from about 70 to 2000 |ig.

19. A composition according to any one of claims 4 to 18, wherein said administration

20 results in a Cmax, nasa i

/ Cmax , iv ratio which decreases with increasing dosage units delivered

of equal amounts of fentanyl, within the treatment dosage range of from about 70 to

2000)iig.

20. A dosage unit comprising fentanyl, or salts thereof, in a suitable solvent, having a

25 concentration equivalent to about 0.4 to 75 mg/mL of fentanyl.

21. A dosage unit according to claim 20 formulated for transmucosal administration,

preferably wherein the transmucosal administration delivers fentanyl through the nasal

mucosa.

30

22. A dosage unit according to any of claims 20 to 21 having a volume of about 10 to 500

|xL, such as about 10 to 200 1±, preferably about 50 to 150 pL.

23. A dosage unit according to any one claims 20 to 22 formulated for nasal delivery of a

35 an equivalent of at least about 70 u.g of fentanyl, such as 80, 90, or 100 |j,g, such as 125,
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150, 200, 250, or 300 \ig, such as at least 350, 400, 450, 500 ng, such as 550, 600, 650,

700, 750, 800, 850, 900, or 950 p.g, such as 1000, 1050, 1100, 1250, or 1300 ng, such as

1350, 1400, 1450, 1500 |ig, such as 1550, 1600, 1650, 1700, 1750, 1800, 1850, 1900, or

1950 such as an equivalent to about 2000 jxg of fentanyl.

5

24. A dosage unit according to any one of claims 20 to 23, formulated for nasal delivery of

an equivalent to about 70 to 2000 |ug of fentanyl, such as 70 to 1800 p.g, preferably 70 to

1500 pg, such as 70 to 1200 |ug, particularly preferably 70 to 1000 p.g, more preferably 70

to 500 |ig, most preferably equivalent to 75 to 300 of fentanyl.

10

25. A dosage unit according to any one of claims 20 to 24 formulated such that not more

than two dosage units comprise a treatment dosage.

26. A dosage unit according to any one of claims 20 to 25, wherein the concentration is

15 equivalent to about 0.5 to 20 mg/mL of fentanyl, preferably 0.6 to 15 mg/mL, 0.7 to 12

mg/mL, more preferably 0.75 to 10 mg/mL of fentanyl, most preferably 0.75 to 8 mg/mL.

27. A dosage unit according to any one of claims 20 to 26, wherein the concentration is

equivalent to about at least 0.5 mg/mL fentanyl, such as 0.7 mg/mL, such as 0.75 mg/mL,

20 such as about 1 mg/mL, about 1 .5, about 2, about 2.5, about 3, about 3.5, about 4, about

4.5, about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, and about 8 mg/mL.

28. A dosage unit according to any one of claims claim 20 to 27, wherein said fentanyl or

salts thereof is fentanyl citrate.

25

29. A dosage unit according to any one of claims 20 to 28, wherein the solvent comprises

solvents selected from the group comprising isotonic saline, water, polyethylene glycol, or

combinations thereof.

30 30. A dosage unit according to any one of claims 20 to 29 for the treatment, alleviation or

lessening of acute or breakthrough pain, such as benign acute pain episodes like angina

pectoris, colic/biliary pain, trauma, postoperative pain, dental pain, orofacial pain,

sympathetic pain syndrome, pancreatic pain, myocardial infarction pain, cancer pain, back

pain, pain during or after change of dressing and pre-operative anesthesia.

35
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31 . A dosage unit according to any one of claims 21 to 30, wherein said administration

has a time-to-onset-of-action of less than 10 minutes, such as less than 9 minutes,

preferably less than 8 minutes.

5 32. A dosage unit according to any one of claims 21 to 31 , wherein said administration

has a duration-of-action maintained throughout a period of at least 30 minutes.

33. A dosage unit according to any one of claims 21 to 32, wherein said administration

has a duration-of-effect maintained throughout a period of at least 30 minutes and

10 throughout a period of not greater than 90 minutes, preferably maintained throughout a

period of at least 30 minutes and throughout a period of not greater than 60 minutes.

34. A dosage unit according to any one of claims 21 to 33, wherein said administration

has a bioavailability, as determined by its AUC of no less than 50 or 60 or 75% that of

15 intravenous administration, preferably no less than 80% of intravenous administration,

more preferably no less than 90% of intravenous administration.

35. A dosage unit according to any one of claims 21 to 34, wherein said administration

has a pain reduction score in the range of 2 to 7, such as 2, 3, 4, 5, 6, and 7, preferably

20 such as 3, 4, 5, and 6, as measured by PID upon delivery of no more than two dosage

units, preferably after delivery of one dosage unit.

36. A dosage unit according to any one of claims 21 to 35, wherein said administration of

the no more than two dosage units has a peak plasma concentration of no less than 5%

25 and no more than 75% of the peak plasma concentration obtained by intravenous

administration of said dosage unit(s), within the treatment dosage range of from about 70

to 2000 |ig, preferably a peak plasma concentration of no less than 30% and no more

than 75% of the peak plasma concentration obtained by intravenous administration of said

dosage unit(s), within the treatment dosage range of from about 70 to 2000 |ug.

30

37. Use of a composition comprising fentanyl, or salts thereof, for the preparation of a

medicament for the treatment of pain in a mammal

wherein said medicament comprises a concentration equivalent to about 0.4 to 75 mg/mL

of fentanyl,

35 wherein the medicament is formulated for transmucosal administration.
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38. Use of a composition comprising fentanyl, or salts thereof, for the preparation of a

medicament for the treatment of pain in a mammal,

wherein said medicament is formulated for transmucosal administration of a dosage unit,

5 wherein said dosage unit comprises an amount equivalent to about at least 70 jig of

fentanyl.

39. The use according to any one of claim 37 to 38, wherein the medicament comprises a

concentration equivalent to about 0.5 to 20 mg/mL of fentanyl, preferably 0.6 to 15

1 0 mg/mL, 0.7 to 1 2 mg/mL, more preferably 0.75 to 1 0 mg/mL of fentanyl, most preferably

0.75 to 8 mg/mL.

40. The use according to any one of claim 37 to 39, wherein the concentration is

equivalent to about at least 0.5 mg/mL fentanyl, such as 0.7 mg/mL, such as 0.75 mg/mL,

15 such as about 1 mg/mL, about 1.5, about 2, about 2.5, about 3, about 3.5, about 4, about

4.5, about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, and about 8 mg/mL.

41 . The use according to any one of claims 37 to 40, wherein said administration

comprises the delivery of a dosage unit of about 10 to 500 \iL, such as about 10 to 200

20 yL, preferably about 50 to 150 jaL

42. The use according to any one of claims 37 to 41, wherein said administration

comprises the delivery of a dosage unit each equivalent to at least about 80 |ag of

fentanyl, such as 90, or 100 |ug, such as 125, 150, 200, 250, or 300 yig, such as at least

25 350, 400, 450, 500 jog, such as 550, 600, 650, 700, 750, 800, 850, 900, or 950 |ig, such

as 1000, 1050, 1100, 1250, or 1300 pg, such as 1350, 1400, 1450, 1500 pjg, such as

1550, 1600, 1650, 1700, 1750, 1800, 1850, 1900, or 1950 jug, such as an equivalent to

about 2000 fig of fentanyl.

30 43. The use according to any one of claims 37 to 42, wherein said administration

comprises the delivery of a dosage unit each equivalent to about 70 to 2000 jig of

fentanyl, such as 70 to 1800 \ig, preferably 70 to 1500 \ig, such as 70 to 1200 jxg,

particularly preferably 70 to 1000 jag, more preferably 70 to 500 jag, most preferably

equivalent to 75 to 300 p.g of fentanyl.

35
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44. The use according to any of claims 37 to 43, wherein said medicament is formulated

for nasal delivery.

45. The use according to any one of claims 37 to 44, wherein said administration

5 comprises delivery of not more than 2 dosage units unit doses, such as 1 or 2 dosage

units.

46. The use according to any one of claims 37 to 45 for pain management, and for the

treatment, alleviation or lessening of acute or breakthrough pain, such as benign acute

10 pain episodes like angina pectoris, colic/biliary pain, trauma, postoperative pain, dental

pain, orofacial pain, sympathetic pain syndrome, pancreatic pain, myocardial infarction

pain, cancer pain, back pain, pain during or after change of dressing and pre-operative

anesthesia.

15 47. The use according to any one of claims 37 to 46, wherein said administration results

in a time-to-onset-of action of less than 10 minutes, such as less than 9 minutes,

preferably less than 8 minutes.

48. The use according to any one of claims 37 to 47, wherein said administration results

20 in a duration-of-action maintained throughout a period of at least 30 minutes.

49. The use according to any one of claims 37 to 48, wherein said administration has a a

duration-of-action maintained throughout a period of at least 30 minutes and throughout a

period of not greater than 90 minutes, preferably maintained throughout a period of at

25 least 30 minutes and throughout a period of not greater than 60 minutes.

50. The use according to any one of claims 37 to 49, wherein administration of said

composition results in a bioavailability, as determined by its AUC, of no less than 50 or 60

or 75% that of intravenous administration, preferably no less than 80% of intravenous

30 administration, more preferably no less than 90% of intravenous administration

51 . The use according to any one of claims 37 to 50, wherein said administration results

in a pain reduction score in the range of 2 to 7, such as 2, 3, 4, 5, 6, and 7, preferably

such as 3, 4, 5, and 6, as measured by PID upon delivery of no more than two dosage

35 units, preferably after delivery of one dosage unit.
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52. The use according to any one of claims 37 to 51, wherein said administration of the no

more than two dosage units has a peak plasma concentration of no less than 5% and no

more than 75% of the peak plasma concentration obtained by intravenous administration

5 of said dosage unit(s), within the treatment dosage range of from about 70 to 2000 |ag,

preferably a peak plasma concentration of no less than 30% and no more than 75% of the

peak plasma concentration obtained by intravenous administration of said dosage unit(s),

within the treatment dosage range of from about 70 to 2000 (ig.

1 0 53. The use according to any one of claims 37 to 52, wherein said administration results

in a Cmax, nasal / f« ratio wnicn decreases with increasing dosage units delivered of

equal amounts of fentanyl, within the treatment dosage range of from about 70 to 2000|ng.

54. The use according to any one of claims 37 to 53, wherein the individual further

15 receives an analgesic.

55. The use according to claim 16, wherein the analgesic is fentanyl, or salts thereof.

56. A method for treating, alleviating or lessening pain in an individual comprising the

20 administration of a pharmaceutical composition comprising fentanyl, or salts thereof, in a

dosage unit equivalent to at least 70 jug of fentanyl.

57. A method for treating, alleviating or lessening pain in an individual comprising the

administration of a pharmaceutical composition comprising fentanyl, or salts thereof,

25 wherein said composition has a concentration equivalent to about 0.4 to 75 mg/mL of

fentanyl.

58. The method according to any one of claims 56 to 57, wherein said administration is by

transmucosal delivery.

30

59. The method according to any of claims 56 to 58, wherein said transmucosal delivery is

by nasal administration of said composition.

60. The method according to any one of claims 56 to 59, wherein said administration

35 comprises the delivery of a dosage unit each equivalent to at least about 80 jig of
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fentanyl, such as 90, or 100 \ig, such as 125, 150, 200, 250, or 300 ng, such as at least

350, 400, 450, 500 jig, such as 550, 600, 650, 700, 750, 800, 850, 900, or 950 \ig, such

as 1000, 1050, 1100, 1250, or 1300 jig, such as 1350, 1400, 1450, 1500 ng, such as

1550, 1600, 1650, 1700, 1750, 1800, 1850, 1900, or 1950 \ig, such as an equivalent to

5 about 2000 u.g of fentanyl.

61 . The method according to any one of claims 56 to 60, wherein said administration

comprises the delivery of a dose unit each equivalent to about 70 to 2000 \ig of fentanyl,

such as 70 to 1800 jj.g, preferably 70 to 1500 jag, such as 70 to 1200 p.g, particularly

10 preferably 70 to 1000 ng, more preferably 70 to 500 |ug, most preferably equivalent to 75

to 300 [ig of fentanyl.

62. The method according to any one of claims 56 to 61, wherein the composition has a

concentration equivalent to about 0.5 to 3 mg/mL of fentanyl, such as about 0.6 to 2

15 mg/mL, 0.7 to 3 mg/mL and 0.75 to 1 mg/mL of fentanyl.

63. The method according to any one of claims 56 to 61, wherein said administration

comprises the delivery of one or more dosage units of about 1 0 to 500 |u.L, such as about

10 to 200 \xL, preferably about 50 to 150 u.L.

20

64. The method according to any one of claims 56 to 63, wherein the pain is selected from

the group consisting of acute or breakthrough pain, such as benign acute pain episodes

like angina pectoris, colic/biliary pain, trauma, postoperative pain, dental pain, orofacial

pain, sympathetic pain syndrome, pancreatic pain, myocardial infarction pain, back pain,

25 cancer pain, pain during or after change of dressing and pre-operative pain.

65. The method according to any one of claims 56 to 64, wherein said treating, alleviating

or lessening of pain comprises the administration of not more than two dosage units.

30 66. The method according to any one of claims 56 to 65, wherein said administration

results in a time-to-onset-of-action of less than 10 minutes, such as less than 9 minutes,

preferably less than 8 minutes.

67. The method according to any one of claims 56 to 66, wherein said administration

35 results in a duration-of-action maintained throughout a period of at least 30 minutes.
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68. The method according to any one of claims 56 to 67, wherein said administration has

a a duration-of-action maintained throughout a period of at least 30 minutes and

throughout a period of not greater than 90 minutes, preferably maintained throughout a

5 period of at least 30 minutes and throughout a period of not greater than 60 minutes.

69. The method according to any one of claims 56 to 68, wherein administration of said

composition results in a bioavailability, as determined by its AUG, of no less than 50, 60,

75% that of intravenous administration, preferably no less than 80% of intravenous

10 administration, more preferably no less than 90% of intravenous administration

70. The method according to any one of claims 56 to 69, wherein said administration

results in a pain reduction score in the range of 2 to 7, such as 2, 3, 4, 5, 6, and 7,

preferably such as 3, 4, 5, and 6, as measured by PID upon delivery of no more than two

1 5 dosage units, preferably after delivery of one dosage unit.

71 . The method according to any one of claims 56 to 70, wherein said administration of

the no more than two dosage units has a peak plasma concentration of no less than 5%

and no more than 75% of the peak plasma concentration obtained by intravenous

20 administration of said dosage unit(s), within the treatment dosage range of from about 70

to 2000 ng, preferably a peak plasma concentration of no less than 30% and no more

than 75% of the peak plasma concentration obtained by intravenous administration of said

dosage unit(s), within the treatment dosage range of from about 70 to 2000 |ug.

25 72. The method according to any one of claims 56 to 72, wherein said administration

results in a Cmax, naSai / Cmax , iV ratio which decreases with increasing dosage units delivered

of equal amounts of fentanyl, within the treatment dosage range of from about 70 to 2000

30 73. The method according to any one of claims 56 to 72, wherein the individual further

receives an analgesic.

74. The method according to any one of claims 56 to 73, wherein the analgesic is

fentanyl, or salts thereof.

35
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75. A method for the administration of fentanyl or a pharmaceutical^ acceptable salt

thereof to the circulatory system of an individual in need of acute pain relief comprising

administration of a treatment dosage comprising 70 jig to 2000 ng fentanyl in a

pharmaceutical vehicle for transmucosal delivery of fentanyl to a mucosal membrane of

5 the individual.

76. A method according to any claim 75, wherein the treatment dosage is administered to

the nasal mucosal membrane.

10 77. A method according to any one of claim 75 to 76, wherein the pharmaceutical vehicle

comprises water.

78. A method according to any one of claim 75 to 77, wherein the pharmaceutical vehicle

comprises n-ethylene glycol (PEG).

15

79. A method according to claim 78, wherein the ethylene glycol is represented by the

formula H(OCH2CH2)pOH, wherein p is an integer in the range of 1 to 14, such as 1, 2, 3,

5, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14.

20 80. A method according to claim 78, wherein the PEG is selected from PEG 200 and PEG

300.

81 . The method according to any one of claim 75 to 80, wherein the vehicle comprises

one or more substances selected from n-glycofurols represented by the formula I

wherein n is an integer in the range of 1 to 8, preferably in the range 1 to 6, such as 1 to

4, such as 1 , 2, 3, and 4, preferably 1 and 2.

82. A kit comprising

30 i) composition formulated for the delivery of a dosage unit comprising 70 ^g to 2000 [ig of

fentanyl, or pharmaceutically acceptable salts thereof for a continuous treatment of pain in

a vehicle for transmucosal delivery for the treatment of acute pain; and

25
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ii) an analgesic for continuous treatment of pain.
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Figure 1
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Figure 1A

Subject No. 1 Fentanyl profile 75 meg
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Figure 1B

Subject No. 2 Fentanyl profile 75 meg
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Figure 1C

Subject No. 3 Fentanyl profile 75 meg
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Figure 2A

Subject No. 4 Fentanyl profile 100 meg
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Figure 2B

Subject No. 5 Fentanyl profile 100 meg
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Figure 2C

Subject No. 6 Fentanyl profile 100 meg
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Figure 2D

Subject No. 7 Fentanyl profile 100 meg
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Figure 3A

Subject No. 8 Fentanyl profile 150 meg
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Figure 3B

Subject No.9 Fentanyl profile 150 meg
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Figure 3C
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Figure 4A

Subject No. 11 Fentanyl profile 200 meg
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Figure 4B
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4c Figure
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Figure 5

Onset of effect (median, range)
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PID profile, 75 meg fentanyl
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Figure 6b

PID profile 100 meg fentanyl
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Figure 6d
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PID profile 150 meg fentanyl
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Figure 7

CR morphine + morphine p.n. for break-through pain

Figure 8

CR morphine + fentanyl nasal for break-through pain
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75 ug Fentanyl

subject

no.

1 2 3

Conce

(n

sntration

g/ml)

Conce
(nc

ntration

/ml)

Concentration

(ng/ml)

Nominal

Time
(min)

Nasal i.v. Nasal i.v. Nasal i.v.

0 <0,02 <0,02 <0,02 <0,02 <0,02 <0,02

1 <0,02 0,0223 <0,02 0,665 <0,02 0,165

3 0,0322 1,58 0,107 1,21 0,0290 1,10

5 0,366 0,826 0,253 0,756 0,343 0,758

7 0,592 0,756 0,359 0,673 0,686 0,596

9 0,692 0,479 0,297 0,527 0,758 0,537

12 0,564 0,311 0,767 0,368 0,658 0,392

15 0,483 0,321 0,699 0,248 0,528 0,364

25 0,298 0,255 0,388 0,251 0,408 0,238

40 0,157 0,189 0,251 0,234 0,247 0,140

60 0,136 0,154 0,215 0,187 0,158 0,113

90 0,113 0,131 0,165 0,132 0,154 0,0781

120 0,0882 0,111 0,162 0,122 0,120 0,0728

180 0,0796 0,106 0,174 0,109 0,0564 0,0436
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Table 2

100 nc Fentanyl

4 5 6 7

Concentration

(ng/ml)

Concentration

(ng/ml)

Concentration

(ng/ml)

Concentration

(ng/ml)

Nasal i.v. Nasal I.V. Nasal I.V. Nasal i.v.

< 0,02 < 0,02 <0,02 <0,02 <0,02 < 0,02 <0,02 <0,02

<0,02 1,25 <0,02 0,284 <0,02 0,162 < 0,02 0,0753

<0,02 2,69 < 0,02 3,35 0,138 2,79 <0,02 1,52

0,0566 1,64 0,0838 1,36 0,588 1,27 0,0566 1,01

0,361 1,22 0,255 1,42 0,948 1,20 0,120 0,952

0,565 1,10 0,520 1,07 1,12 0,938 0,643 0,798

1,01 0,776 0,912 0,735 0,872 0,755 0,897 0,519

0,914 0,649 0,661 0,609 0,622 0,618 0,584 0,453

0,689 0,385 0,365 0,479 0,437 0,390 0,428 0,281

0,462 0,312 0,358 0,389 0,336 0,308 0,303 0,200

0,308 0,297 0,297 0,321 0,300 0,346 0,218 0,161

0,326 0,205 0,217 0,189 0,214 0,268 0,183 0,133

0,273 0,176 0,208 0,173 0,206 0,191 0,142 0,133

0,132 0,112 0,208 0,197 0,185 0,186 0,0836 0,0698
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Table 3

150 ug Fentanyl

Subject No. 8 9 10

Concentration

(ng/ml)

Concentration

(ng/ml)

Concentration

(ng/ml)

Nominal

Time
(min)

Nasal I.V. Nasal I.V. Nasal

0 <0,02 <0,02 <0,02 < 0,02 <0,02 <0,02 <0,02
1 <0,02 <0,02 <0,02 0,0822 <0,02 5,35 0,186

3 0,119 0,0422 <0,02 0,976 0,0522 2,12 0,738

5 NS 0,370 < 0,02 0,688 0,566 1,28 1,03

7 0,261 5,07 0,0587 2,96 1,54 4,07 4,13

9 1,33 2,67 0,175 1,50 2,39 2,06 2,08

12 1,41 1,19 0,464 0,823 2,28 1,44 1,59

15 1,58 0,771 1,06 0,714 1,64 0,964 1,14

25 1,12 0,751 0,866 0,547 1,03 0,640 0,893

40 0,78 0,530 0,857 0,464 0,627 0,597 0,626

60 0,559 0,489 0,610 0,407 0,44 0,548 0,538

90 0,418 0,325 0,383 0,359 0,373 0,380 0,371

120 0,267 0,211 0,278 0,278 0,333 0,303 0,407

180 0,182 0,170 0,202 0,177 0,264 0,242 0,257
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Table 4

200 \ig Fentanyl

11 12 13

Concentration Concentration Concrentation

(ng/ml) (ng/ml) (ng/ml)

Nasal i.v. Nasal i.v. Nasal

<0,02 <0,02 <0,02 <0,02 < 0,02

<0,02 0,0291 <0,02 0,602 < 0,02

<0,02 0,352 < 0,02 1,96 <0,02
<0,02 0,802 0,0220 1,32 0,0399

0,0622 2,43 0,148 4,62 0,101

0,233 1,33 0,930 2,23 0,595

0,802 0,853 3,23 1,41 1,10

0,961 0,657 3,10 1,03 1,52

0,761 0,479 1,52 0,788 0,854

0,535 0,409 0,819 0,828 0,588

0,367 0,374 0,590 0,432 0,542

0,302 0,334 0,478 0,302 0,409

0,292 0,297 0,343 0,381 0,193

0,269 0,188 0,263 0,215 0,167
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Table 5

75 ug Fentanyl

Subject

No.

1 2 3

Nominal

Time
(min)

Nasal I.V. Nasal l.V. Nasal l.V.

PI PID PI PID PI PID PI PID PI PID PI PID

0 5 0 3 0 8 0 4 0 6 0 3 0

15 1 4 0 2 5 3 2 2 1 5 0 3

30 3 2 0 0 6 2 4 0 4 2 0 3

45 4 1 2 0 8 0 4 0 6 0 2 1

60 5 0 3 0 8 0 4 0 6 0 3 0

75 5 0 3 0 8 0 4 0 6 0 3 0

90 5 0 3 0 8 0 4 0 6 0 3 0

105 5 0 3 0 8 0 4 0 6 0 3 0

120 5 0 3 0 8 0 4 0 6 0 3 0

150 5 0 3 0 8 0 4 0 6 0 3 0

180 5 0 3 0 8 0 4 0 6 0 3 0

210 5 0 3 0 8 0 4 0 6 0 3 0

240 5 0 3 0 8 0 4 0 6 0 3 0
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Table 6

100 M9 Fentanyl

4 5 6 7

Nasal Nasal i.v. Nasal I.V. Nasal I.V.

PI PID PI PID PI PID PI PID PI PID PI PID PI PID PI PID

7 0 3 0 5 0 3 0 5 0 4 0 3 0 6 0

1 6 1 2 1 4 1 2 1 4 1 3 0 3 1 5

2 5 6 -3 3 2 2 1 2 3 3 1 3 0 6 0

3 4 6 -3 4 1 3 0 4 1 4 0 3 0 6 0

5 2 6 -3 5 0 3 0 5 0 4 0 3 0 6 0

7 0 6 -3 5 0 3 0 5 0 4 0 3 0 6 0

7 0 6 -3 5 0 3 0 5 0 4 0 3 0 6 0

7 0 6 -3 5 0 3 0 5 0 4 0 3 0 6 0

7 0 6 -3 5 0 3 0 5 0 4 0 3 0 6 0

7 0 6 -3 5 0 3 0 5 0 4 0 3 0 6 0

7 0 6 -3 5 0 3 0 5 0 4 0 3 0 6 0

7 0 6 -3 5 0 3 0 5 0 4 0 3 0 6 0

7 0 6 -3 5 0 3 0 5 0 4 0 3 0 6 0
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Table 7

150 ug Fentanyl

Subject

No.

8 9 10

Nominal

Time
(min)

Nasal i.v. Nasal i.v. Nasal i.v.

PI PID PI PID PI PID PI PID PI PID PI PID

0 5 0 2 0 5 0 4 0 4 0 5 0

15 0 5 0 2 1 4 0 4 1 3 0 5

30 0 5 0 2 1 4 2 2 0 4 0 5

45 0 5 1 1 5 0 4 0 1 3 1 4

60 2 3 2 0 6 4 0 2 2 3 2

75 3 2 2 0 6 4 0 4 0 5 0

90 3 2 2 0 6 4 0 4 0 5 0

105 4 1 2 0 6 4 0 4 0 5 0

120 5 0 2 0 6 4 0 4 0 5 0

150 5 0 2 0 6 4 0 4 0 5 0

180 5 0 2 0 6 4 0 4 0 5 0

210 5 0 2 0 6 4 0 4 0 5 0

240 5 0 2 0 6 4 0 4 0 5 0
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Table 8

200 pg Fentanyl

11 12 13

Nasal i.v. Nasal I.V. Nasal I.V.

PI PID PI PID PI PID PI PID PI PID PI PID

2 0 6 0 5 0 6 0 5 0 3 0

0 2 1 5 1 4 1 5 0 5 0 3

0 2 1 5 1 4 2 4 0 5 0 3

1 1 2 4 3 2 4 2 0 5 1 2

3 -1 4 2 5 0 8 -2 1 4 4

4 -2 4 2 5 0 8 -2 4 1 4

4 -2 6 0 5 0 8 -2 5 0 4

4 -2 6 0 5 0 8 -2 5 0 4

4 -2 6 0 5 0 8 -2 5 0 4

4 -2 6 0 5 0 8 -2 5 0 4

4 -2 6 0 5 0 8 -2 5 0 4

4 -2 6 0 5 0 8 -2 5 0 4

4 -2 6 0 5 0 8 -2 5 0 4
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